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In order to conserve space and improve readability, the following abbreviations

have been used in this report:

A
ACS
BNA
BOD
cm
CLs

D.C.
DEM
D.L
D.T.
ECD
EEWTP
EPA
ERL
eV
FID
ft

GAC

area
automatic composite sampler
base/neutral acid extraction

5-day biochemical oxygen demand
centimeter

closed-loop stripping

degrees centigrade

District of Columbia

Dynamic Estuary Model

detection limit

detention time

electron capture detector

Estuary Experimental Water Treatment Plant
Environmental Protection Agency
Environmental Research Labbratory
electron volt

flame ionization detector

feet

grams

mixing energy

granular activated carbon

gas chromatograph

gallons per day

gallons per minute

Health Effects Research Lab
horsepower

Hewlett Packard

high performance liquid chromatography
Homogenous Surface Diffusion Model

Ion Chromatograph
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NAS/NAE
nm
NRC
NTU
oDCS
P/A
PDF
PM
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James M. Montgomery, Consulting Engineers, Inc.
Journal of the Water Pollution Control Federation
kilovolts

moles/liter

Methylene-Blue Active Substances

micrometers

microgram/liter

microliters

micromho

minimal detectable concentration

minimum detection limit

membrane filter

million fibers per liter

million gallons per day

milligram /liter

Modular Instrument Computer

millimeter

millimole/liter

Malcolm Pirnie, Inc.

most probable number

mass spectrometer

molecular weight

Metropolitan Washington Area

normal concentration
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National Academy of Science/National Academy of Engineers

nanometer
National Research Council
nephelometric turbidity unit

- Operator Data Collection System

precision/accuracy
probability density function

preventive maintenance

- e




............

List of Abbreviations

'§ 3,)‘ ppb parts per billion
PpPm parts per million
) g psi pounds per square inch
'y Q volumetric flow
X QA quality assurance
) QC quality control
N rpm revolutions per minute
» RWQTP  Routine Water Quality Testing Program
i:i sec seconds
SIMS Sample Information and Management System
%’ N SOCs synthetic organic chemicals
N SPC standard plate count h
‘:5 TAC technical advisory committee ’
B TDS total dissolved solids
3,. THM trihalomethanes :
}': TTHM total trihalomethanes X
::' . TOC total organic carbon
6 TON total organic nitrogen
:1 TOX total organic halide
4 TPPAM  Testing Program for Process Adjustment and Modification
3 TSS total suspended solids
i uv ultra violet (light)
y VAX Virtual Access Extension
. 1', VOA volatile organic analyses
i wt weight
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SECTION 1

SPECIALIZED ANALYSES PROTOCOLS

PARTICLE SIZE DISTRIBUTION ANALYSIS

DEFINITION

The HIAC PA-720 Automatic Particle Size Analysis System utilizes light
blockage to determine particle size distribution. The instrument consists of a
sample introduction apparatus, a 2 to 90 um sensor and a volumetric cylinder.
The sample introduction device is a pressurized chamber which uses air to force
the liquid through the sensor at a predetermined rate. Particles in suspension
flow past a window of known area. A collimated light beam passes through the
sample at right angles to the direction of the flow, then through the window to
the photocell detector. Whenever a particle goes through the light beam, a
portion of the light is blocked, producing a shadow generating a drop in voltage.
The extent of the voltage drop correlates to the particle size. Standardizing of
the sensor is done with spherical latex beads of a known size distribution. Each
voltage drop corresponding to a particle of equivalent circular cross-sectional
area is summed in one of 24 channels, the last one for oversized particles
between 90 to 120 pm. The microprocessor computes the size distribution
parameters such as average particle count, corrected particle count, standard
deviation and calculates the cumulative size distribution of the population.

INSTRUMENTATION

The HIAC PA-720 Automatic Particle Size Analysis System includes the PA-720
module, a teleprinter and an automatic bottle samplgr.

ANALYSIS

Background and Dilution water

Before sample collection, the background water for dilutions should be analyzed
and PA dilution bottles set~up.

1. Samples collected from sites before the dual media, filter effluent should
be diluted. The dilution factor to be used is 51 or 2 mls of sample per 100
mls of background water.

Mili-Q treated water is used for the background water sample. The water
shall be treated to a quality of 10 Mohm-cm or better.

}
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Whenever Milli-Q is being used, this procedure is to be followed:

Rinse the PA bottles with Milli-Q water making sure the mouth of the
bottle is thoroughly rinsed and is not touched once rinsed.

Rinse the volumetric flask with Milli-Q water and be sure not to handle
the mouth of the flask.

Fill the flask up to the 100 ml mark and pour into a PA bottle which has
been rinsed for dilution. Place a piece of parafilm over the mouth of each
bottle. Repeat for all the PA dilution bottles.

Fill the rinsed PA bottle for background with the Milli-Q and also cover
with parafilm

Run three analyses of the background sample and print the data. Push the
ESC button and type STORE to save the data for use as backgrourd.

Sample Collection Technique

1.
z.

5.

Samples should be collected immediately before they are anlayzed.

Rinse wide-mouth bottle with sample water making sure the lip is
thoroughly rinsed. Do not touch the mouth of the bottle once it has been
rinsed.

Grab a sample with the side-mouth bottle and rinse out the PA bottle
thoroughly. Rinse the lip last and do not touch the mouth area
afterwards.

Grab a sample with the wide mouth bottle and pour into the PA bottle.
Cover the mouth of the bottle with parafilm and be sure you only touch
the sides of the bottle.

Repeat steps 2 through 4 until all samples are collected.

Dilution Preparation

1.

2.

3.

4'

The diluted samples should be analyzed first.

While being analyzed, the diluted samples should be stirred on a setting
of 5. Before analyzing, let the sample stir for approximately one minute.

Analyze three times, if possible, then print out the results.

Suck air through the sensor between sample analyses to remove residue
from the previous sample.

a. Close analyzing module.

b. Flip AUTOMATIC-MANUAL switch to manual.

c. Turn lever on graduated collecting column down.

d. Allow to run about 30 seconds.

4
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.-::.:" 5. Repeat steps 2, 4, 5 and 6 until all diluted samples have been analyzed.
S When transferring the stirring bead, use the tweezers as much as possible.
Remember to rinse both bead and tweezer with Milli-Q between samples.

w 6. The undiluted samples are to be analyzed last.
v
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ASBESTOS PROCEDURE
SUMMARY OF THE METHOD

For the analysis of asbestos in water, the off-site laboratory used :he methods
described in "Interim Method for Determining Asbestos in Water," (EPA-600/4-
80-005). A variable, known volume of water sample was filtered through a 0.1
um Nuclepore filter to trap asbestos fibers and the filter was then carbon
coated. A small portion of the carbon coated filter, with deposited fibers, was
placed on an electron microscope grid and the filter material removed by gentle
dissolution in chloroform. The material remaining on the grid was examined
with a transmission electron microscope (TEM) at a magnification of 20,000.
The number of asbestos fibers in twenty grid squares were counted. The
asbestos fibers were identified by their morphology and electron diffraction
patterns and the length and width of each fiber was measured. The concentra-
tion in MFL (million fibers per liter) was calculated from the number of fibers
counted, the amount of water filtered, the effective filtration area and the
area counted under the TEM. The mass per liter was calculated from the
assumed density and the volume of the fibers.

The detection limits were variable and depended upon the variables sited in the
preceeding paragraph as well as the amount of total extraneous particulate
matter in the sample and the contamination level in the laboratory
environment. Under favorable circumstances, 0.1 MFL and total mass of 0.1
ng/L could be detected.

SAMPLING METHODS

The sampling container was a clean, 1 liter, screw-capped polyethylene bottle.
Bottles were filled to within two inches of the top to allow for shaking the
sample.

No preservatives were added during sampling. The sample was filtered at the
off-site laboratory within 48 hours of its arrival.

PROCEDURE

Prior to filtration, the sample was sonicated in an ultrasonic water bath and
then shaken. A suitable aliquot ranging from 1 to 100 ml was filtered by vacuum
pressure through a 47 mm, 0.1 ym pore size Nuclepore filter backed by a 0.45 um
mixed cellulose acetate and cellulose nitrate membrane filter. If the filter
contained large amounts of organic material, it was ashed in a low temperature
plasma asher to remove the organic material. After ashing, the sample was
refiltered to deposit the ashed material onto a 0.1 um filter.

After filtration, the filter was removed and placed in a covered petri dish for
drying. After the filter had dried, several rectangular strips (15 X 3 mm) were
cut from the membrane and fixed on a glass slide for carbon coating. The glass
slide was placed in a vacuum evaporator and a 30 to 50 nm layer of carbon was
deposited on the filter section. The carbon was evaporated in short bursts to
prevent overheating the surface of the filter. Three portions (approximately

'»
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2mm?2) were cut from the carbon coated filter, placed on separate copper
specimen grids supported on copper screening, and placed in a modified Jaffe
washer. Chloroform was added to the washer, and the grids were left to sit in
! the washer for 24 hours. After 24 hours of chloroform treatment, the
| Nuclepore filter material dissolved, leaving the deposited fibers on the speci-
men grid. The grids were removed from the washer and placed on a spot plate
ol to evaporate any residual chloroform.

.
£33,
W "‘l

COUNTING AND IDENTIFYING ASBESTOS FIBERS ’
<

Y The grids were examined using a Zeiss EM-10 transmission electron microscope.

E: The microscope was capable of operating between 20 and 100 kV with a A
' magnification up to 200,000, and of carrying out selected area electron 3
: diffraction on an area of approximately 0.3 ym2.

The grids were examined at low magnification to see that the fibers were
uniformly distributed, and that the proper amount of material was deposited on
the filter. If the distribution was satisfactory, twenty grid squares from two
™ grids were examined at 20,000 magnification. Identification of asbestos fibers
was confirmed by their characteristic morphology and electron diffraction
pattern. After counting the fibers present in twenty grid squares, the fiber
concentration was calculated using the following formula:

{

[ ]
b
N
| =_ FxaAp
: (Ag x V) x 1000

6 where:

2
3 C = Concentration of Fibers (MFL)
f: F= Average Number of Fibers per Grid Opening

a Ag = Effective Filtration Area of Filter Paper (mm?)

‘ Ag Average Area of One Grid Square (mm?2)
2 = Original Volume of Sample Filtered (m]l)

¢ -
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BROMIDE BY ION CHROMATOGRAPHY
INTRODUCTION

In many water systems it may be desirable to determine the concentrations of
all or some of the common anions (F, CL, NO2, POg4, BR, NO3, SO4) in order to
assess the need for specific treatment (e.g., fluoridation, nitrate removal, TDS
removal) or to generally characterize the water.

To efficiently apply traditional methods of analysis for quantification of
individual anions (e.g., colorimetric, electrometric, or titrimetric methods) it is
helpful to have prior knowledge of sample constituents. Since Ion Chromato-
graphy (IC) is a powerful qualitative and quantitative technique, it is useful in
screening a wide variety of water types in which the relative concentrations of
anions are unknown. IC eliminates the use of hazardous reagents such as
brucine or cadmijum used for nitrate testing and readily distinguishes between
halides (F, Cl, Br) and oxide forms {S03/SO4 and NO2/NO3).

This method is an adaptation of the general IC method proposed for inclusion in
Standard Methods for the Examination of Water and Wastewater.

GENERAL DISCUSSION

1. Principles A water sample containing various anions (F, Cl, NO3, SOy,

etc.) is injected into a stream of carbonate/bicarbonate eluent and passed .
through a series of ion exchangers. The anions of interest are separated -
based on their relative affinities for a low capacity strongly basic anion W |
exchanger (guard and separator column). The separated anions are
directed onto a strongly acidic cation exchanger (suppressor column)
where the anions of interest are converted to their highly conductive acid
form (e.g., HF, HCl, HNO3, H2SO4) and the carbonate/bicarbonate eluent
is converted to carbonic acid, a low conductive species. The separated
anions in their acid form are measured by conductivity. Anions are
identified based on their retention times compared to known standards.
Quantitation is based on measurement of peak area or peak height.

2. Interference: Any substance present in a water sample with a retention
time which coincides with that of the ions of interest is a potential
interference. Examples are the presence of large amounts of small
organic acids interfering with chloride or fluoride determination or the

. presence of large amounts of one ion interfering with the resolution of

" another one (for instance NOj interfering with Br or SO4 interfering with

v NO3). Other sources of interference are the effect of one constituent on

? the response factor of another. Many of these interferences can be

overcome by sample dilution. If there are any questions about the

: identification and quantitation of a peak the sample should be quantitated

‘,\s by the method of known addition. In addition any contaminants present in

the reagent water, glassware, or sample processing apparatus (e.g.,
syringe) can provide spurious peaks. Due to the small volume of sample
required for ion chromatography, contamination must be scrupulously
avoided.
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3. Minimal detectable concentration: The minimal detectable concentration
(MDC) for a given aninn is a function of the sample size chosen and the
conductivity scale used. In general MDC's are in the range of 0.05 mg/L
for F, and 0.1 mg/L for Cl, NO3, O-POy4, Br, NO3, and SO4 using a 100
sample loop and a 3umho fullscale setting on _he conductivity detector.
Similar values may be achieved by using a higher scale setting and an
electronic integrator.

To optimize the method for Br, a 300 |1 sample loop and a 0.3 ymho
fullscale setting on the conductivity detector were used.

APPARATUS

1. Ion chromatograph capable of delivering 2 to 5 ml of eluent per minute at
a pressure of 200 to 1000 psi. (Note 1) The IC shall be equipped with an
injection valve, a sample loop; (Note 2) guard column, and separator and
suppressor columns. In addition it shall be equipped with a temperature
compensated small volume conductivity cell (6 Wl volume or less), and a
strip chart recorder capable of full scale response of 2 sec or less. An
electronic peak integrator is optional.

2. Anion separator columns-low capacity pellicular anion exchange resin that
is styrene divinylbenzene-based and is capable of resolving F, Cl, NOy,
POy4, Br, NO3, and SO4. 4x 250 mm, DIONEX P/N 030827 (normal run) or
DIONEX P/N 030831 (fast run) or equivalent.

3. Anion guard column-same as separator but shorter column to protect the
separator column from being fouled by particulates or certain organic
constituents. 4 x 50 mm, DIONEX P/N 030825 (normal run) or DIONEX
P/N 030830 (fast run) or equivalent.

4. Anion suppressor column-high capacity cation exchange resin capable of
converting eluent and separated anions to their acid forms. DIONEX P/N
030828 (requires regeneration) or DIONEX P/N 35350 (fiber suppressor-
continuously regenerated) or equivalent.

REAGENTS

1. Reagent water: deionized or distilled water in which an interferent is not
observed at the method detection limit of each parameter of interest.

2. Eluent solution: Standard, 0.003 M NaHCO3, 0.0024 M Na2CO3. Dissolve
1.008 g NaHCO3 and 1.0176g Na2COj3 in reagent water and dilute to 4
liters.

3. Regenerant Solution 1. 1N H3SO4: Cautiously add 111 mls concentrated
H2504 (36 N) to approximately 600 ml of reagent water. Cool and dilute
to 4 L with reagent water. This solution is required when the suppressor
used is not a continuously regenerated type.

A-1-7
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ROk 4. Regenerant Solution 2. 0.025N HSO4: Dilute 2.8 ml concentrated RS
"1' H2S04 to 4 L with reagent water. Alternatively dilute 100 mls Regener- s
ant Solution 1 to 4 L with reagent water. This solution is required for
.\3 continuous regeneration of fiber suppressor when that system is used.
SN
':1 5. Stock standard solutions-1000 mg/L. Dry all standard material except
s NaNOj to a constant weight at 105°C and cool before weighing.
3~ 2
e
Parameter Standard Material
N Chloride (Cl) NaCl 1.6485 g/L
o Fluoride (F) NaF 2.2100 g/L
Bromide (Br) NaBr  1.2876 g/L
o Nitrate (NOj) NaNOj3 1.3707 g/L
o Nitrite (NO3) NaNO; 1.4998 g/L (dessicate to constant wt)
Phosphate (PO4) KHPO4 1.4330 g/L
‘_: Sulfate (SO4) K2504 1.8141 g/L
'\ﬁ To prepare these individual standards dilute each of the weighed standard
:'-""1 materials to 1L using reagent water. Store in plastic bottles.
Ty
6. Combined working Standard Solution 1. (high range). 10 mg/L F, 10 mg/L
_' :'a Cl, 10 mg/L NO3, 1 mg/L Br, 10 mg/L NO3, 10 mg/L POy, 100 mg/L SO4.
,.-\
14:: Prepare by diluting 10.00 ml each of the 1000 mg/L stock standards for
_‘_}: Cl, F, NO2, NO3, and POy, 1.00 ml of the 1000 mg/L stock Br standard
o and 100 ml of the 1000 mg/L stock SO4 standard to 1000 ml with reagent -
] water. Store in a plastic bottle protected from light. Qﬂ
E}'.‘ 7. Combined working Standard Solution 2. (low range) 1 mg/L F, 1lmg/L Cl, 1
S mg/L NO2, 0.1 mg/L Br, 1 mg/L NO3, 1 mg/L PO4, 10 mg/L SO4.
-.\ﬂ'
L/ Prepare by diluting 100 ml of combined working Standard Solution 1 to
; 1000 m! with reagent water. Store in a plastic bottle protected from
N light.
YO
10 8.  Alternate combined working standard solutions.
Q:_\
- Prepare by diluting appropriate quantities of the stock standards with
reagent water. These standards should be representative of the concen-
3‘,\: tration levels anticipated in the samples. They may be either higher or
§S lower in range than those suggested here.
;f: Note: Concentrated stock solutions are stable for at least one month if
o kept refrigerated. Working standard solutions should be prepared fresh
] daily if NO3 or PO,4 are to be determined. If these components are not
..° part of the combined standards, working standards are stable for a month.
N PROCEDURE
Q.".l
1. System equilibration: The IC is turned on and the eluent flow rate
adjusted to produce the desired peak separation. For older instrumenta-
N
~
- |
7 |
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tion (DIONEX models 10-16) the required flow rate is approximately 2.3
mls/min (pressure 400-500 psi). The detector is adjusted to the desired
setting (typically 10 ;mho) and the system allowed to equilibrate (15-20
minutes usually suffices). The system is equilibrated when the baseline
stabilizes. The detector offset is then adjusted to zero out the conductiv- .
ity of the eluent. (Note 3! -

DN A
LAY -

2. Determination of retention times and calibration: Approximate retention
times can be determined and recorded by injecting standards containing
only the element of interest or by injecting the combined standard and
determining the individual retention times. Actual retention times will
vary as a function of the separator column used, concentration of the
individual ion, temperature, and eluent flow rate. However retention will
. always be in the order F, Cl, NO, POy, Br, NO3, SO4 when the standard
eluent and anion separator column is used. ;

A .

g
N

Initial calibration is performed by injecting a minimum of three (3) -
different concentration standards made from various dilutions of the
working standards. A calibration curve is constructed by plotting peak
height or peak area versus concentration on linear graph paper. Any time
the detector setting is changed standards must be injected at that setting
unless it has been previously verified that linearity extends through
several settings (Note 4, 5).
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Once linearity has been demonstrated for a given detector setting,

- calibration can be performed using only one standard injection for a given -
w detector setting. The peak height {or area) and retention time for a given ;
'y concentration standard is recorded to allow calculation of a calibration -
: factor (F). -

. 3. Injection of samples: Prior to injection any sample containing particu-
v lates >0.2 um must be filtered to avoid deposition of particulates which -

eventually restrict eluent flow. A sample or standard is injected into the
}" ion chromatograph using a prewashed small syringe (1-10 mls) equipped
- with a male luer fitting. Enough sample is injected to flush the sample -
- loop several times (for a 0.3 ml sample loop at least one (1) ml is
» injected).

The IC is then switched from the load to inject mode and the peak heights
and retention times recorded on a strip chart recorder. When the last
, peak (SO4) has appeared and the conductivity signal has returned to
9 baseline, a new sample can be injected by repeating the process.
-

ONF..

If the measured peak height or peak area exceeds the calibrated range of
the system, dilute the sample with an appropriate amount of reagent
water (or eluent) and reanalyze.

o i
e

Regeneration (for systems not equipped with fiber suppressor): When the
suppressor column becomes partially exhausted (indicated by conductivity
increase to stable value of over 300 umho), regenerate with 1IN HpSO4 in
accordance with manufacturer's instructions.

v iradd
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o CALCULATIONS
‘-
: Prepare calibration curves for each anion of interest by plotting peak area or
:Z- - peak height units of standards against concentration values. Compute sample
o concentration by comparing sample peak height or area with the standard
15 curve. Alternatively, when response is shown to be linear it is possible to
"' compute concentrations using the equation:
C=HxFxD
A . where C = concentration in mg/L for an individual anion
- H = peak height or area
;'.- F = response factor, calculated as concentration of
s standard/height (or area) of standard
D = dilution factor for samples requiring dilution
e
‘_‘-',': PRECISION AND ACCURACY
o
:}: In a single laboratory 6 natural water samples containing low levels of Br (.027
" to 1 mg/L) were analyzed by this method. Average precision (7 replicates each)
o was 3.2 percent and the average recovery for spikes was 96 percent. The
o calculated detection limit (3 sigma error) was .003 mg/L.
;;.’: NOTES
o 1. The Dionex Model was used in this project.
2. Loop size can be varied with varying sensitivity. Precision and accuracy
o data shown here are based on a 3001l loop. Greater sensitivity can be
:_ acheived with larger loops and a wider dynamic range acheived with
N smaller loops. The only precaution to observe in this respect is not to
I exceed the capacity of the separator column.
o 3. With the fiber suppressor the regeneration flow rate should be adjusted to
) maintain a stable baseline (typically 2.5 to 3 ml/min).
o 4. With a system requiring suppressor regeneration, NO; interaction with the
',':» suppressor can produce slight errors in NOj; determination. This deter-
< mination should only be performed when the suppressor is at the same
{: stage of exhaustion as when the standard is injected. Otherwise NO3
signals will gradually increase through the course of a run. In that case
the system should be restandardized frequently throughout a days run.
o Such an interaction is not observed with systems using a fiber suppressor.
\‘\.‘: 5. With a system requiring suppressor regeneration the water dip may shift
::. slightly during exhaustion of the suppressor. When a fast run column is
v being used this may result in a slight interference with the Cl or F peaks
9 at low concentrations. If the water dip interferes, the estimated sample
concentration must be bracketed by analyzing standards at a similar
. concentration. To compensate for this potential interference it is
e possible to eliminate the water dip by either a) diluting the sample with
T eluent if sample dilution is required before analysis or b) adding an
e, equivalent of 1.0 ml of a prepared eluent concentrate (solution that is 100
r times more concentrated than the eluent used for analysis) per 100 ml of
e sample. When the sample is prepared in this manner it is important to
<
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prepare standard solutions and blanks the same way to compensate for any
ionic impurities present in the eluent.
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N QUANTITATION OF SALMONELLA SP. IN WATER R

ENRICHMENT
.' Dulcitol-selenite broth was prepared and distributed into sterile bottles on the
.:-‘: day of analysis. Each bottle contained 50 ml of medium and either 10 ml raw

P water or 1,000 ml of finished water (filtered through a 0.45 yn Gelman GN-6
3 filter). After filtration the filter was aseptically removed and transferred to a
bottle containing enrichment medium. Ten ml samples were directly inoculated
into the enrichment medium. Five replicates were filtered for each sample.
The bottles were incubated for three days at 350C. At 24-hour intervals, they
_ were examined for turibdity and an orange-red color due to the reduction of
o selenite. The positive broth cultures were streaked onto selective solid media
o for confirmation and isolation.

ISOLATION

- The solid medium used for isolating Salmonella sp. from the enrichment broth
, cultures was xylose lysine desoxycholate (XLD) agar. Salmonella and Arizona
organisms produce black-centered red colonies on this medium, whereas many
coliform bacteria, such as Enterobacter and Proteus produce yellow colonies.
Colonies typical of Salmonella sp. were purified by restreaking onto XLD
e plates.

N PRIMARY BIOCHEMICAL SCREENING

Three types of primary identification media were utilized for Salmonella Q
o isolates. These were triple sugar iron (TSI) agar, urea agar (Christensen) and )
- lysine iron agar (LIA).

" TSI slants were inoculated by stabbing the butt and streaking the slant. The
~ tubes were incubated at 35°C for 10 to 24 hours. Typical reactions for
Salmonella are:

Slant Alkaline (red)
o Butt Acid (yellow), gas, HS

LIA slants were inoculated by stabbing the butt twice and streaking the slant.
The tubes were incubated for 24 to 48 hours at 35°C. Typical reactions for
e Salmonella are:

e Slant alkaline (blue-purple)
W Butt alkaline (blue-purple), H2S + (-)

Urea agar was inoculated by heavily streaking the slant. The tubes were
e incubated for 18 to 24 hours at 350C. Cultures of Salmonella are urease

;-f. negative (yellow) whereas Proteus are urease positive (red).
N
::‘ A five tube MPN test was used to quantitate Salmonella. A positive tube was

- one from which an isolate was identified as Salmonella after primary biochem-
ical screening.
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QUANTITATIVE DETERMINATION OF VIRUSES

VIRUS ADSORPTION

»

i
,;f-‘: The virus concentration method was based on an adsorption/elution procedure
o described in the 14th edition of Standard Methods. Conditions were adjusted so
A that viruses first adsorbed and then were eluted from a filter. This required
S that the sample be adjusted to pH 3.5 and Al (II) added to obtain a final
, concentraion 0.005 M (influents) or 0.0005 M (effluents). These chemical
M additions are presumed to alter the viral charge to a positive one, causing it to
-‘.ﬁ-:j adsorb onto a negatively-charged filter surface (0.45 um pore size).
X '.;:: ELUTION
. The sorbed viruses were eluted twice with one liter of one percent beef
{ '-.. extract/0.4 percent glycine at pH 9.0. The filter was initially eluted in a co-
,.::;_‘. current manner to elute the bulk of the non-solids-associated viruses. After
S collecting this eluate and readjusting the pH to 9.0 with sodium hydroxide, the
g filter was re-eluted in a counter-current manner. This recovered the filtered
A solids-associated virus. The concentrate was then transported off-site for
- reconcentration.
._‘...P,
ot RECONCENTRATION
_',.' ) The eluate was reduced in volume by an organic flocculation technique
- @ developed by Katzenelson et al.,, (1976). The eluate was adjusted to pH 3.5,
which approaches the isoelectric point of many enteroviruses and proteins,
», causing the proteins and viruses to coagulate and flocculate. After allowing the
:::\-' coagulation and flocculation to occur for thirty minutes, the eluate was
b8 centrifuged to pellet the proteins, solids, and viruses. The pellet was then
’-.i' resuspended in approximately 30 ml of 0.15 M sodium phosphate buffer, pH 9.0.
s The resulting solution was treated with antibiotics, incubated at 35°C for one
’ “ and one half hour and frozen at -20°C. The incubation was necessary to allow
.‘¢ the bacteria to grow and become susceptible to antibiotics. Bacteria and fungi
o7 growing in the presence of antibiotics lose their cell wall integrity, thereby
}S- allowing subsequent freezing at -20°C to kill the microorganisms. This reduced
: the microbial interference during the virus assay procedure.
o
X To prevent non-specific toxicity, each concentrate was thawed and treated with
‘_::- an equal volume of chloroform. The mixture was shaken for fifteen minutes
}:: and then centrifuged for fifteen minutes at 2000 rpm to separate the layers.
S The supernatant was aspirated and aerated for 30 minutes with filtered N gas
g to remove any residual chloroform. The concentrate was frozen at -70°C until
Lo assayed.
20
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VIRUS ASSAY

The more sensitive procedure for virus isolation is viral infection of a cell
monolayer maintained under liquid medium. In this method a gradual and
progressive destruction of cells occurs due to the virus infection and is observed
and scored microscopically by the virologist. This is generally referred to as
the cytopathic effect method (CPE) which was used in this study.

Though this procedure has the advantage of simplicity, it seldom demonstrates
the presence of more than one type of virus in a given inoculum. These
phenomena can be explained by viral interactions within the liquid medium.
Infection and destruction of the cell population can significantly reduce
available cells for infection by another virus or the replication process of one
virus may be inhibited by another. If the inoculum contains few infective
viruses, interference problems are of little consequence, which is the usual case
when examining environmental samples.

An additional limitation is that the method normally is restricted to qualitative
determinations. A semi-quantitative method, a most probable number (MPN)
type sample titration, has been used to estimate virus concentrations (Chang, et
al.,, 1958). Despite these drawbacks, this method is reported to be more
sensitive than the plaque assay isolation procedure because many viruses which
produce CPE in liquid culture do not consistently plaque out.

The concentrates used for virus isolations were inoculated into liquid culture
flasks. Approximately one-half of the concentrate (2 to 5 ml) was assayed on
BGM and MA 104 cells, Many enteric viruses are capable of infecting at least
one of these cell lines. RD cells were used only during the first few months of
monitoring.

The bottles were incubated for ninety minutes at 350C to allow for the viruses
to adsorb to the cells. An evenly dispersed inoculum was assured by rocking the
bottles every twenty minutes. The inoculum was poured off and the cell sheet
was rinsed with phosphate buffered saline. Maintenance medium was then
added to each flask. The bottles were periodically scored for CPE from two to
fourteen days postinoculation.

At the end of the incubation period, all bottles were blind passed. In this assay
system a blind passage was required as a quality assurance step to screen out
the possibilities of missing slow growing viruses and scoring non-viral CPE. A
blind pass consisted of transferring 0.5 ml of the liquid from each initial
isolation culture to a new tube containing cells of the same type to confirm the
initial isolation. The samples were filtered through a 0.22 im filter to eliminate
bacterial and fungal contamination. If the CPE was caused by toxicity the blind
passage diluted the sample so that it no longer elicited a toxic response. If
there was a slow virus or very low number of viruses, the incubation period on
new cells permitted their detection and isolation. These tubes were incubated
at 359C on a roller apparatus and scored from two to fourteen days postinocula-
tion for CPE.
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‘.‘_-..“:’ A second blind passage was made after the incubation period. A positive
ey isolation was one which produced typical viral CPE in the second passage.
The sample results were calculated according to the formula below using the
CPE negative tubes from the second passage:
D = -1/Vin(S/N)
where
v
‘r
" D = Most Probable Number Cytopathic Effect Units (MPNCU)/ml con-
N centrate
3 V = ml of sample concentrate inoculated per tube
) S = the number of negative tubes
N = the number of tubes inoculated
}j The values obtained for D and the volume concentrated were used to back
X calculate the MPNCU/gallon.
&5
= VIRUS IDENTIFICATION: NEUTRALIZATION BY CYTOPATHIC EFFECTS
X Positive tubes were frozen at -70°C until the isolates were identified. The Lim
‘ {; Benyesh-Melnick cross-secting antisera were used to identify the virus isolates.
| Both the plaque and liquid culture methods were used for the neutralization
o tests. See the following document for a complete description of the analytical
b @ procedure involved.
X
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0 April 1972
N RESEARCH RESOURCES BRANCH
'~ NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES
= DEPARTMENT OF HEALTH., EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
-:" NATIONAL INSTITUTES OF HEALTH
-': BETHESDA. MARYLAND 20014
ey PROCEDURE FOR USING THE DRIED LIM BENYESH-MELNICK
. POOLS FOR TYPING ENTEROVIRUSES

The Lim Benyesh-Melnick pools (A-H) consist of 42 equine antisera
(1-3) combined into 8 pools, each pool containing 10-11 antisera (4-6).

The pools have been designed in such a manner that a given antiserum

appears either in one pool, or in two pools or in three pools. Thus, an
unknown enterovirus may be identified by its neutralizaﬁion by the pool
or pools containing its homotypic antiserum.

The eight pools prepared in 1971 under NIH sponsorship correctly
identify 37 enteroviruses; polioviruses 1-3; coxsackievirus A types 7, 9
and 16; co;sackievirus B types 1, 2 and 4-6; and echoviruses 1-7, 9, 13-21,
24~27 and 29-33.

The identification table is attached.

Due to the ipadvertent use in 1971 of certain antisera that had been
improperly labeled, identifications of coxsackievirus B-3 and echoviruses
11 and 12 require Special Tests. These are described under Interpretation
(paragraph 3a) and may be run simultaneously with the A-H pool tests, or
preferably later if so indicated from results of the A-H pool tests. Echo-
viruses 22 and 23 need be 1dent;fied only as E22/E23 complex, for they form

a closely related subgrouﬁ. See Interpretation, paragraph 3b.

1. Rehydration of serum pools. If dried serum pools (A-H) are supplied,

each vial should be rehydrated with 5 ml of sterile distilled water to make
the undiluted stock. For use in the test, each pool is further diluted 1:10,
~ enprloying Melnick's medium B containing antibiotics as the diluent. After

dilution, 0.1 ml of the pool contains 50 antibody units uf each antiserum

...........................
......................
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2. The procedure for performing the test is as follows:

.Step 1. The 1:10 diluted pools (A-H) are distributed into test
tubes, 0.3 ml per tube, and the sera inactivated by heating at 56°C 4
for 30 minutes.

Step 2. To each tube is added 0.3 ml of & dilution of the unknown
virus containing from 103-0 % 0.5 TCDgg's per 0.1 ml. (Melnick's medium
B is the preferred diluent). The serum-virus mixtures are then incubated
at 37°C for 2 hours. A sample of the virus dilution used is similarly
incubated and subsequently titrated to determine the virus dose emploved
in the test,.

Step 3. Following incubation, two tissue culture tubes are inoculated
with each serum-virus mixture, 0.2 ml per tube. The challenge virus
dilution is inoculated into each of 4 tissue culture tubes, 0.1 ml per
tube, and subsequently titrated using 4 tubes per dilutionm.

The inoculated tubes are incubated at 37°C for a period of 7 days.

Step 4. Microscopic readings for cytopathic effect (CPE) are made
on the tissue cultufe tubes beginning on the second day of incubation.

As soon as the virus control tubes show CPE to a degree of 3 to 4+ (i.e.,
CPE involving 75% or more of the cultures), daily readings on the entire

test should be made.

Interpretation. The results of neutralization are checked against

the scheme for identity (see identification table). Often, a tentative
identification ;an be made on the 4th or 5th day, particularly in
instances where the dose of virus is high or the virus grows rapidly.
Slower-growing viruses may require the full 7 days of incubation. Com-

2.5
plete neutralization on the 7th day with a dose of virus between 10

and 103'5 constitutes a firm identity (see Protocol 1).
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There are some instances, however, in which there is complete
neﬁtralization on the 4th or 5th days and evidence of a slow breakthrough
on the 6th or 7th days, probably due to small aggregates of the virus in
the virus culture (7) (see Protocol 2). This may occur especially with '
field isolates of echoviruses 9, 17 and 27 tested by the pools made in
1971. 1In this situation, 1dentification is considered adequate, although
in rare instances the investigator may deem it advisable to confirm the
identification by the use of type-specific antiserum.

Examples of both types of results are shown in the attached protocols.

a. Special Tests (2 ml vials of dried sera are provided for

identification of coxsackievirus B-3 and echoviruses 1l and 12). The 50

unit materials should be stored frozen befween uses as well as any unused

portion of the rehydrated serum.
(1) Coxsackievirus B-3. CB-3 virus is not neutralized by
any of the A-H pools since specific antiserum does not appear
in Ehe pools. If the field isolate is not neutralized by any
of the Arﬁ pools, 103'0 TCDsg of the virus should be tested
against 50 units of CB~3 antiserum. The 2 ml vial should be
reconstituted in 2 ml of distilled water. An appropriate
quantity of the rehydrated serum should then be diluted 1:80
in Melnick's medium B to obtain 50 antibody units per 0.1 ml.
(11)IEchov1rus 11. Echovirus 11 antiserum appears oaly in
pool E but unless large doses of Ell virus are employed, the
virus may be neutralized by the heterotypic antibody of pools
A and G, which is mainly associated with the E5 serum present
in these two pools, as well as in pool E. Therefore, if

neutralization by pools AEG occurs, special tests are required

A-1-18
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to determine whether the isolate is either Ell virus or ES

3.0 T

virus. 10 CD 0 of the virus should be tested against 50

5
units of E1l serum. The 2 ml vial should be reconstituted in
2 ml of distilled water. An appropriate quantity of the
rehydrated serum should then be diluted 1:40 in Melnick's
medium B to obtain 50 antibody units per 0.1 ml. If neutral-
ization occurs, the virus is Ell; if not, the virus is ES.
(iii) Echovirus 12. The specific E12 antiserum appears in
pools C and H; however, there is also a strong heterotypic
neutralization of E12 virus by pools A, E, and G and a weak
neutralization by pool F. Therefore, test results on a
isolate neutralized by C and H and any one or more of pools
A, E, F and G indicate the need for application of a special
test to identify the virus unequivocally as echovirus 12.

103.0

TCDSO should be tested against 50 units of E12 serum.
The 2 ml vial should be reconstituted in 2 ml of distilled
water. An appropriate quantity of the rehydrated serum
should then be diluted 1:520 in Melnick's medium B to obtain
50 antibody units per 0.1 ml. Neutralization identifies the

virus as El1l2.

b. The Echovirus 22/23 Complex. Echovirus 22 antiserum appears

in pools E and H; echovirus 23 serum in pools G and H. Unless large
doses of virus are employed, the two viruses are not clearly
distinguished, but may be neutralized by E, G and H pools. Titratiom
of the isolate against both E22 and E23 antisera is required for

positive identification of the subtype. Also heterotypic neutralization
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4

of small doses of E22 virus may occur with pool B. However, this need ‘;}-
not confuse identification since none of the other enteroviruses can be
identified by this combination (BEH). The homologous antibody titer
assigned to the E22 equine serum is 1:13,200 per 0.1 ml; that of the
E23 serum is 1:16,000

The homologous antibody titer of CB3 serum is 1:4000 per 0.1 ml;

that of Ell1 serum is 1:2000; and that of E12 serum is 1:26,000.
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IDENTIFICATION TABLE

Virus ldentity

;’?" P RN

A

= 5
LA

8¢ Aok

NANERE N

A

AB
AC
AD
AE
AF
AG

AH
ACF
AEG

E15
CA7
cBl
E33
cB4
E7

E4
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Pool Neutralization

Virus Identit:

DE
DF
DG
DH
DEH

EF
EG
EH

o e

E25

E13
E14
El6
P3
E32
E112
E18
E17
E22%
E27
E20

reA

Lo

E31

E23% ?
CAl6
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- Footnotes for Identification Table; ]

2 cB3 antiserum, because of {abelling error, does not appear in any of the pools

‘. No neutralization of an enterovirus isolate by pools A-H strongly suggests that the

2 isolate may be CB3 virus. For identification of CB3, see Special Tests above.

b Pools AEG contain E5 antiserum, which may give a heterotypic neutralization

L of E11 virus. To distinguish between E5 and E11 viruses, see Special Tests above.

N € Strong neutralization by B and G pools and weak neutralization (or no neutral-

..3 ization) by pool C identifies the virus as CA9. The C pool inadvertently, because of

*:4

a labelling error, contains 10 antibody units against CA9 virus.

f-\ d Heterotypic neutralization of E12 by pools A, E, F and G may occur. For

' positive identification of E12, see Special Tests above. §j
\‘ e

N = Neutralization by pools E, G and H indicates the isolate may be either E22

3

or E_23 virus. See Special Tests conceming the E22/23 complex.
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:
B v PROTOCOL 1
i " IDENTIFICATION OF A FIELD STRAIN OF COXSACKIEVIRUS B5
N
()
i ¢ The 10”2 dilution of vi d in th
t.:_ e ilution of virus was used in the test.
)
p The virus was completely neutralized by pools C and E, the two pools con-
: taining CB5 antiserum,
Pools Observation for CPE * on day
o 2 3 4 5 6 7
" A 4,4
:5:} B 4,4
o c 0,0 | 00 0,0 0,0 0,0 0,0
ol
Cr D 4,4
< E 0,0 0,0 0,0 0,0 0,0 0,0
" F 4.4
- G 4,4
H 4,4 L
i
% :
, 3\ Virus controls !
107} 4,4,4,4
1072 2,2,2,1 | 4,4,4,4 |
107 2,0,0,0 | 4,4,3,3 | 4,4,4,4 |
Ry 107 0,0,0,0 | 2,2,0,0 | 4,4,0,0 | 4,4,0,0 |4,4,0,0 | 4,4,0,0 |
: 107 0,0,0,0 | 0,0,00 | 0,0,0,0 | 0,0,0,0 |0,0,0,0 | 0,0,0,0 i
S .
”'ﬁ Figures represent degree of CPE in each inoculated tube.
\ : .
) 0=no CPE; 1=1+ or25% CPE; 2 = 2+ or 50% CPE; etc.
‘.
Co

.......................
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PROTOCOL 2
.-_.' v
;‘.;; IDENTIFICATION OF A FIELD STRAIN OF ECHOVIRUS 14 '
X 2.6 . . K
The 10 virus dilution was used in the test.

) The virus was ‘completely neutralized on day 5 by pools D and F which contained E14

E antiserum, but breakthrough was noticed on days 6 and 7.

2 Pools | Observation for CPE * on day

= 2 3 4 5 6 7

:'_-_ A 0'0 2;2 4,4

B 1,1 3,3 4,4

X _C 1,1 | 3,3 4,4 Q
N D 0,0 0,0 0,0 0,0 0,0 1,1

::3 E 1,1 3'3 414

o F 0,0 0,0 0,0 0,0 1,0 2,0

G 1,1 3,3 4,4

™ H- 0,0 | 23 4,4

05 :

>}

A3 Controls

:;' 1072-6 2,222 | 3333 | 44,44
107-6 0,0,0,2 | 1,2,1,3 | 4,4,4,4

o

- 10.4 .6 . 0'0,0'1 0, 0’0,3 olololq' ll 0I0I4 2' 1! 0I4 4’ 2l0l4
1076 0,0,0,0 | 0,3,0,0 | 0,0,0,0 |0,0,0,0 | 0,0,0,0 | 0,0,0,0

TG

%
-‘.‘ *Figures represent degree of CPE in each inoculated tube . o
; 0 =no CPE; 1 = 14+ or 25% CPE,2 = 2+ or 50% CPE; etc.

.‘ A-1-24
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MELNICK'S MEDIUM B

Component Gram/Liter
NaCl 6.80
KClI 0.40
ﬂaH2P04 . H20 0.14
CaClz (anhyd.) 0.20
MgSO4 . 7H20 0.20
Glucose 1.00
Lactalbumin hydrolysate 5.00
Phenol red 0.01
NaHCQ3 . 2.20

Ref.: Melnick, J.L., Ann. N.Y. Acad, Sci., 61:755 (1955), =
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7 IEEALAN PARASITE ASSAY
2 s
»_" PARASITE SAMPLE COLLECTION
37
":.- The off-site laboratory utilized a modified version of EPA's 1978 method for
87 detecting Giardia and other parasites in water. The EPA collection device
t.;_ consisted of the following:
. inlet hose
- ° plastic cartridge filter housing
::‘. ® orlon fiber filter wound on a polypropylene support (nominal porosity
“::-f of 5 um)
by, ° effluent hose
NG
> ® water meter
_‘ﬁ SAMPLE PRESERVATION
N
,."-s Generally, 100 to 500 gallons were concentrated depending upon the purity of
:':.1 the water. Flow rates of 11.4 L/min at line pressures of 15 to 70 psi were
N maintained during sample collection. After sampling, each filter was placed in
polypropylene zip-lock bag and stored at 4°C. A ten percent Formalin fixative
X solution was added to the bag containing the filter. Preserved filters in the
..-} bags were shipped to the off-site laboratory for analysis.
e
Y SAMPLE PROCESSING
L -
@ The filter was aseptically removed from the zip-lock bag and placed into a tray.
e A razor blade was used to cut an end strand from the filter such that the entire
Y filter could be unwound from the core. The resulting filter mat was kneaded in
Y 250 ml distilled water until the fibers appeared clean. The fibers were
e squeezed to remove as much water as possible, and the water was then
= centrifuged for three minutes at 450 g. The resulting sample pellet was washed
~ad three times by resuspending the pellet in 30 ml distilled water. The material
5 was resuspended a final time and centrifuged for five minutes at 450 g. The
o supernatant was aspirated until approximately 50 ml remained. This material
::. was transferred to a 50 ml conical tube and centrifuged for three to five
o minutes at 350 g. As much supernatant as possible was removed without
disturbing the pellet.
N PARASITE CONCENTRATION
::::_ To concentrate the sample material, the zinc sulfate (ZnSOy4) flotation techni-
::‘: que was utilized to separate the parasitic components from excess debris
through differences in specific gravity. The ZnSO4 solution had a specific
gravity of 1.18-1.20. Protozoan cysts and certain helminth eggs float to the top
'.: and are recovered in the surface film while the debris settles to the bottom of
v the tube. The pellet was vortexed with 5 to 10 m! ZnSO4 and then transferred
N to a 15 ml conical tube. The tube was slowly filled to the brim with ZnSOy4
::-: without allowing any runover. It was centrifuged for five minutes at 300 g
x without braking. The tube was carefully removed from the centrifuge without
. . any agitation or vibration.
cv.ﬂ . :";
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- PARASITE STAINING S
‘ A drop of either Lugol's or D'Antonio's lodine stain was placed on a clean,

"\ grease-free microscope slide. A wire loop (diameter of 5 to 7 mm) was used to

o remove one drop from the center of the tube's surface film and placed on the

s prepared slide. A clean No. 1 coverslip (22 x 22 mm) was placed upon the
N stained material.

PARASITE IDENTIFICATION

- The stained slide was examined microscopically under 20x and oil immersion.

K The criteria listed in Table A.l1-1, especially parasite size and characteristic

: morphology, were used for identifications. EPA has established strict guide-

lines in order to report positive identifications. In most cases the size and

_ observation of one or more characteristic morphological features, (i.e., nuclei,

A organelles, terminal knobs) were required for positive indentification.

Y/ .
‘,1 Larval-form worms were observed in project samples. The method does not g
- allow for identifying the worms as to whether they are of human or animal ]
; origin. Therefore, they were reported as larval-form worms. i
): :
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Species

Giardia:
cyst

Entamoeba
histolytica:

Acantha-
moeba:

Naegleria
gruberi: cyst

Ascaris:
eggs

Hookworm:
eggs

Trichuris
trichiura:
eggs
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TABLE A.1-1
PARASITE IDENTIFICATION CRITERIA

Size

8-19 1m
Usual range: 11-14 um
Width: 7-10 ym

10-20 um
Usual range: 12-15 um

10 um

10 ym

One-cell stage
45-75 um by
35-50 um

Infertile
85-95 ym by
43-47 um

56-75 um by
36-40 um

50-54 ym by
20-23 ym

Shape
Ovoid

Spherical

Spherical

Spherical

Number of
Nuclei

Mature cyst: 4
Immature: 1-2

NA

NA

NA

Other

Longitudinal
fibers in
cyst

Chromatoidal
bodies and
karyosome
present

Culture for
positive
confirmation

Thick cortical
shell

Thin-shelled,
embryonated
at times

Thin-shelled,
mucoid plugs
at each end,
unembryonated
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AMES SALMONELLA/MAMMALIAN-MICROSOME TEST
METHOD FOR DETECTING MUTAGENS
IN WATER AND WASTEWATER CONCENTRATES

PRINCIPLES OF THE AMES TEST

The Ames test is a rapid and simple bacterial bioassay for detecting chemical
mutagens. Specially constructed mutants of Salmonella typhimurium are
exposed to chemicals in an agar medium containing a minimum amount of
histidine. All the strains have a histidine requirement that allows for the
detection of revertant bacteria, which regain the ability to manufacture their
own histidine from a reverse mutation in the DNA of the histidine-requiring
mutant.

The trace amount of histidine in the top agar allows all the bacteria on the
plate to undergo several divisions; this growth is necessary in many cases for
mutagenesis to occur. The slight background lawn that grows up also allows any
inhibition of growth by the test compound to be seen. Further increases in the
amount of histidine on the plate enhances mutagenesis, but also causes heavy
growth of the background lawn that obscures the revertants. The appearance of
colonies indicates true histidine revertants. Colonies formed on plates without
the incorporation of the test compound or mixture are called spontaneous
revertants.

Some chemical mutagens and carcinogens require metabolic activation in vivo.
Mammalian metabolism is incorporated into the in vitro Ames test by adding
mammalian liver homogenates directly to the petri plates. The liver homo-
genate contains microsomal enzymes which may activate or deactivate chemi-
cals, producing greater or fewer revertants compared to the plates without the
enzymes. In some cases, the addition of liver homogenate has no noticeable
effect either way.

The Ames test is a useful tool to obtain information about the potential
mutagenic/carcinogenic activity of uncharacterized compounds in complex
mixtures, such as organic concentrates from water and wastewater.

The following method is essentially the same as the protocol by Ames, et al
published in Mutation Research, 31:347-364 (1975).

SALMONELLA STRAINS

Two tester strains of S. typhimurium (TA98, TA100) were obtained from
Dr. Bruce Ames at the University of California, Berkeley. The two strains were
incubated for 24 hours at 379C in Oxoid Nutrient Broth #2. Each culture was
streaked on several Oxoid agar plates. Isolated colonies from these plates were
used to inoculate broth cultures from which frozen permanent cultures were
made by freezing 0.8 ml of the culture and 0.07 ml of dimethyl sulfoxide
(DMSO) at -70°C. Several permanents were separately stored to generate a
new series of frozen permanents. The use of the frozen culture in this way
avoids exposing the bacteria to repetitive freezing and thawing thus avoiding
the loss of the R-factor plasmid which could result in a drop in the rate of

B
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. spontaneous reversion and inability to obtain the expected number of revertants
¥~ with standard mutagens.

Master plates were prepared in accordance with the Supplement to the Methods
Paper, Ames, et al (1975). Master plates were a convenient means of storing
the two cultures in a conventioanl refrigerator at 49C. The plates were the
source of innoculum for the overnight cultures used in the mutagenesis assays.

Cultures of TA98 and TA100 were grown up from the frozen permanents in
Oxiod Nutrient Broth #2; incubation was at 37°C for a period of 24 hours.
3 Some of each culture was transferred to the Master Plates using a sterile wire
"‘"; loop in 5 or 6 parallel streaks across the plate. Subsequently, the plates were
$_“ incubated overnight at 37°C and stored at 4°C,

New Master Plates were made from frozen permanents. Sub-culturing new
Master Plates from old Master Plates might result in loss of the rfa mutation or
Y the R-factor. A frozen permanent was discarded after being used to generate a
set of master plates.

QUALITY CONTROL CHECK FOR THE MUTATION INTEGRITY OF TESTER

‘ STRAINS
X
" Salmonella strains were tested for their specific types of mutations. These

checks were run when the strains were first received from Dr. Ames and
repeated with each mutagenicity test series.

G Histidine Requirement

0.1 ml of 0.5 mM biotin was spread on two minimal agar plates. 0.1 ml of 0.1
3 mM histidine was spread on one of the plates. Each plate was streaked from an
“A overnight broth culture of the tester strains. Both the TA98 and TA100 strains
- should grow only on the plate with histidine and biotin added.

Deep Rough (rfa) Character/R-Factor

S 0.05 ml of the tester strain and 0.25 ml of 0.5 mM histidine/biotin were added
to 2.5 ml of molten top agar at 45°C. The contents were mixed and poured
slowly on Oxoid agar plates. After the top agar had solidified, a filter disc
containing 100 ug/L of 1 mg/10 ml aqueous crystal violet was asceptically
placed on the top agar. A filter paper disc containing 10 ug of ampicillin was
asceptically placed on the top agar of a similarly prepared plate. Both plates
(two for each tester strain) were inverted and incubated at 370C for 48 hours.

Both the TA98 and TA100 strains should show a zone of growth inhibition
around the crystal violet disc, indicating the presence of the rfa mutation.
" Both of these strains (containing the R factor) are not inhibited by ampicillin.
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.
.‘5; Spontaneous Reversion
; Minimal glucose agar plates and top agar were prepared as described by Ames,
~ et al.,, (1975). 0.05 ml of the tester strain and 0.150 ml of dimethy! sulfoxide
N were added and mixed into 2.5 ml of top agar, poured on to minimal agar plates,
Y incubated in an inverted position for 48 hours at 37°C and then counted.
L Between two and four spontaneous revertant control plates were prepared

(4

. during each assay. Similarly, plates were prepared using 0.05 ml of the tester
strain, 0.150 ml of dimethyl sulfoxide and 0.500 ml of S-9 mix

-
&

: Genotype of Revertant Colonies
o
» The genotypes of revertant colonies were checked by transferring revertant
colonies on to minimal glucose agar plates containing 0.1 ml of 0.5 mM biotin
. but no histidine. True revertants to histidine prototrophy will grow on the
\] minimal agar plates.
j:'*' PREPARATION OF MEDIA, S-9 REACTION MIXTURE AND TESTER STRAINS
™ Base Medium
‘ 50X VB Salts. The ingredients were added in the order indicated and each salt
. was allowed to dissolve before adding the next one. When the salts were
- completely dissolved, the solution was autoclaved at 121°C for fifteen minutes.
»
U" .
50X Vogel-Bonner Salts o
- 1. Warm Distilled water (45°C) 670 ml
g 2. MgSO4'TH3 10g
h 1 3. Citric acid, monohydrate 100 g
a 4. K2HPOg4 500 g
i 5. NaHNH4PO4 175 g
; : 40 Percent Glucose. 200 g of glucose was dissolved in 345 ml of distilled water
D and 100 ml and 75 ml aliquots were dipensed in prescriptions bottles, and
2 autoclaved at 1219C for fifteen minutes.
)
ha. Minimal Glucose Plates. 20 ml of 50X VB salts and 50 ml of 40 percent glucose
" were added to 1 L of molten agar (15 g Difco Agar, Purified/L distilled water,
Co autoclaved at 121°C for 15 min). The agar was mixed, cooled to 45°C, and then
N, poured into petri dishes {25 ml/dish). The plates can be stored at room
::: temperature for several weeks but were routinely used in the assay within 24
W hours.
=
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Agar Overlay

Top agar (0.6 percent Agar-Purified, Difco and 0.5 percent NaCl) was prepared
on the day of the assay. After autoclaving at 1219C for 15 minutes, the agar
was placed in a water bath at 45°C and allowed to cool. 1 ml of 0.4 mM biotin
and 0.5 mM histidine was added per 10 ml of top agar and mixed thoroughly by
gentle swirling. The top agar (2.4 ml) was dispensed into sterile 13 x 100 mm
culture tubes in a heating block at 45°C.

Histidine-Biotin Mix

L-Histidine HC1 (Monohydrate) (mw 191.7) 0.09585 g (0.5 mM)
D-Biotin (mw 224.3) 0.1222 g (0.5 mM)
H0 1,000 m!

The mixture was prepared in a volumetric flask and stirred for an hour. It was
then sterilized by filtration through a 0.45 um pore size filter and stored at 4°C.

S-9 Rat Liver Reaction Mixture

The rat liver S-9 homogenate (Arochlor 1254 induced) was purchased from
Litton Bionetics. The S-9 mix was prepared as follows:

Reagent Concentration Volume
MgCl, 0.4 M 0.9 ml
KCl1 1.65 M 0.9 ml
D-Glucose-6-Phosphate 1.0 M 0.225 ml

B-Nicotinamide Adenine

Dinucleotide Phosphate (NADP) 0.1 M 1.8 ml
Buffer Mix 0.2 M 22.5 ml
Rat Liver Homogenate -—- 5.0 ml
Sterile Distilled Water ~-—-- 18.7 ml

50.0 ml

1. MgCl; (0.4 M): 8.132 g of MgCly was dissolved in 100 ml of distilled
water, autoclaved for 15 minutes at 121°C and stored at 4°C.

2. KCl1 (1.65 M): 12.30 g of KCIl was dissolved in 100 m] of distilled water,
autoclaved for 15 minutes at 1219C and stored at 4°C.

3.  D-Glucose-6-Phosphate (G-6-P) (1.0 M): 2.821 g of G-6-P (Monosodiurmn
salt, Sigma Chemical Company, No. G-7879) was dissolved in 10.0 ml of
distilled water. It was sterilized by filtering through a Gelman Acrodisc
R filter, 0.2 um pore size and then dispensed into sterile 2 ml vials and
stored at -20°C.

4, NADP (0.1 M): 0.765 g of NADP (Monosodium salt, Sigma Chemical
Company, No. N-0505) dissolved in 10.0 ml of distilled water. It was
sterilized by filtering through a Gelman Acrodisc R filter, 0.2 ym pore
size, and then dispensed into sterile 6 ml vials, and stored at -20°C.
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5. Buffer Mix

a. NapHPO4°TH20, dibasic (0.2 M): 5.36 g and NapHPO4 was
dissolved in 100 m] distilled water

<A
i

o b. NaH2PO4'H20, monobasic (0.2 M): 2.76 NaH2PO4°'H20 was
A dissolved in 100 ml distilled water.
b
f_«. The buffer was prepared by mixing the two salts as follows:
N 82 ml NapHPO4*7H0 (0.2 M)
18 ml NaH2PO4°H20 (0.2 M)
o 100 ml
N, Test Strain Suspension

b The test culture was prepared by aseptically innoculating 25 ml of Oxoid
Nutrient Broth; the inoculum source was a Master Plate as described above.

< The culture was incubated for eighteen hours at 37°C with slight agitation.

: Approximate bacterial density for both the TA98 and TA100 strains was 1x109

}: organisms per ml.

be

3, PLATE INCORPORATION ASSAY

:ﬁ Assay

'« ¢

b The following were added (in order) to 2.5 ml of molten top agar at 45°C (tubes

N in heating block): test sample (dissolved in DMSO) sulfoxide) not exceeding

Ly 0.250 ml, 0.05 ml of the bacterial suspension, and 0.50 ml S-9 mix (when
included). The contents were immediately mixed by rotating the tube between

) palms for several seconds and overlayed on a minimal glucose agar plate.

EN Plates were inverted and incubated 48 hours at 379C in a dark incubator,

"‘ Duplicate plates were made for each concentration.

-Q

bt Spontaneous reversion was determined by adding 0.05 ml of the bacterial
suspension and 0.150 ml of DMSO to the top agar. To determine the effects of

8 enzyme activation, 0.500 ml of S~9 mix, in addition to 0.05 ml of the bacterial
o suspension and 0.150 ml of DMSO, was incorporated into the top agar.
NS Spontaneous reversion rates, with and without S-9 activation, were based on
{ counts obtained from duplicate, triplicate or quadruplicate plates.

‘ Sterility controls were conducted by adding DMSO, S-9 mix and biotin-histidine
N to separate plates. In addition, top agar alone was poured on duplicate minimal
'j.';- agar plates to check for sterility of the top agar.

'n

'b; Scoring Revertants
u. After 48 hours incubation, the revertant colonies were counted either manually
P (Quebec Colony Counter) or with an automatic counter (Artek Counter, Model
¢ ! 880). All the plates inoculated with the TA98 strain were counted manually
}: while all the plates inoculated with the TA100 strain were counted
) automatically. Approximately ten percent of the plates counted on the
automatic counter were cross-checked manually to verify accuracy.

‘.’ v
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vy ne The presence of a light background lawn of growth (due to the trace amount of
;J‘:'; . f_-,' histidine added to the top agar) was confirmed by viewing plates under a
‘ - microscope or against room light.
N '-E Safety Procedures
: 1. Aseptic technique was used when handling the bacterial strains. Pipetting
N was done by bulb or automatic pipette, no mouth pipetting.
®
2. All work done with the known mutagens was done under the hood. Lab
.:f coats and disposable gloves were worn.
<.
'_; 3. Test plates were collected in autoclavable bags and autoclaved before
N disposal.
-
o 4. Liquid mutagenic material was collected in a glass bottle marked "Toxic
o Waste" and disposed of with toxic chemicals.
:;?'.: 5. The work area was washed with a disinfectant before and after use.
N Hands were washed after doing lab work.
&
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Z{’- TESTING FOR IN VITRO TRANSFORMATION IN THE C3H/10T1/2 B
i MOUSE EMBRYO FIBROBLAST SYSTEM -
S BACKGROUND
P:-’.‘_: Many short-term assays utilizing different test organisms and test endpoints
Ej:'-j have been developed for toxicological testing. However, no single assay is
<] capable of detecting all carcinogens and many investigators favor using a
battery of short-term tests to gather toxicological data. The use of mammalian
. cells, though more costly and time-consuming than bacterial systems, has the
':‘-:: advantage of being more closely related to human cells with respect to its DNA
“-.:; and metabolic activities.
]
Bt Over the past ten years, a number of mammalian cell culture systems have been
developed in which non-malignant cells have been transformed (changed)
o following exposure in vitro to chemical carcinogens. Although originally
f'-:-f developed to study the events leading to carcinogenesis, these tests show great
SO promise as rapid tests for screening potential carcinogens. Reproducible
._r: quantitative systems utilizing cell strains and cell lines have correctly identi-
>~ fied many carcinogens. When the transformed cells are injected into suitable
' hosts a high correlation with tumorigenicity is observed.
S
i:::v The mammalian cell transformation assay used in this project was developed by
}:: Dr. Charles Heidelberger and his co-workers. The system utilizes a fibroblastic
e cell line, C3H/10T1/2, derived from C3H mice. The cell line has an extremely
A, low rate of spontaneous transformation as well as a very flat morphology, -
making it relatively easy to score morphologically transformed foci. In this i
25 system, morphologic cell transformation is characterized by the cells' loss of
A density-dependent inhibition, resulting in the formation of colonies in which the
::‘_: cells have piled up.
v
‘ The C3H/10T1/2 cell line has been transformed with polycyclic aromatic
i hydrocarbons with a quantitative dose response. In addition, the cell line was
™ found to be transformable with chemically reactive carcinogens such as MNNG
. and N-Ac~AAF, several cancer therapeutic agents, tobacco smoke condensates
‘.. and hair dyes.

L The assay involves exposing actively growing cell monolayers to the test
material for 48 hours. The cells are then rinsed and maintained at 37°C in five
percent CO; for six weeks at which time the cells are stained with giemsa and

!*: examined under a dissecting microscope for morphologically transformed foci.
- - Three classes of foci can be identified. Type I is a focus composed of tightly
f packed cells. Type @I foci show massive piling up into opaque multilayers in

which criss-crossing is not pronounced. Type I foci are multi-layered criss-
- crossed arrays of densely stained cells. The transformation frequency is
- calculated as the percentage of cells that give rise to transformed foci,
; 4:/ corrected for the fraction of cells surviving.

e |
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2 BN MAINTENANCE AND HANDLING OF C3H MOUSE EMBRYO CELL LINE
N "~.,".
General Lab Procedures

. All manipulations were carried out aseptically in a laminar flow hood. No

t.; antibiotics were used in any of the cultures, so a clean environment must be

- maintained. Access to the "clean room" was limited to individuals who must

- work in there. A tacky mat was positioned just inside the door to trap dust .

carried in on shoes or cart wheels. Incoming air was HEPA-filtered and the air d

e was routinely monitored for airborne microbes. A known volume of air was

;.;: drawn through an open filter holder containing either a 0.8 or 0.45 um )

N membrane filter. The filter was then removed and incubated on Sabouraud 4

t dextrose or trypticase soy agar plates and checked for growth of mold or K

. bacteria. o

o The CO3 content of the incubator was monitored regularly with a fyrite tester.

ﬁ: The chambers of the incubator were kept clean and disinfected after each
: ' assay. The surfaces were cleaned with mild detergent, thoroughly rinsed with
: deionized water and then wiped with seventy percent ethyl alcohol. Any spills
h were wiped up immediately to prevent the growth of microorganisms in the

incubator, and opening of incubator doors was kept to a minimum to prevent

.;. fungal spores from being drawn into the chamber.

:: General Cell Maintenance Procedures .
D) N
’

W e Stock cultures were grown in plastic tissue culture flasks (Corning, 25 or

v 75 cm?). Complete medium consisted of Eagles Basal Medium (BME) (see Table

B A.1-2) with L-Glutamine, without NaHCO3 (GIBCO) plus ten percent heat-

o inactivated fetal calf serum. Cells were incubated in a humidified, five percent .

W CO3 environment at 37°C. Stock cultures were refed on day nine and passaged .
; on day ten. )

Cell Transfer Technique
f Ten day old monolayers were rinsed with Ca**/Mg**-free phosphate buffered
saline (see Table A.1-3) and dispersed with 0.1 percent trypsin. When cells :

\ P )
reached the single-cell stage, fresh medium containing serum was added to stop .

~ the action of trypsin. The cells were centrifuged and resuspended in fresh -

i medium. An aliquot was counted with a hemacytometer and the appropriate
¥ number of cells seeded in flasks or petri dishes. "
wd .
; For stock cells, T-flasks were seeded with 5 x 10%4cells. For transformation )

j assays each 60 mm petri dish was seeded with 2000 cells. Five 60 mm dishes :
per dose were seeded with 200 cells to determine plating efficiency.

% .
N .
o .
RAY .
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=5 TABLE A.1-2
-.‘T y) -
: EAGLES BASAL MEDIUM
N
"'\' Component mg/L
Ry CaCl; 200.00
AN KCl 400.00
MgSO4 97.67
= MgSO4-7TH20 6800.00
o NaH2PO4°H20 140.00
- Glucose 1000.00
e Phenol Red 10.00
e L-arginine: HCI 21.00
L-cystine-2HC1 15.65
L-Glutamine 292.00
S L-Histidine 8.00
e L-Isoleucine 26.00
S L-Leucine 26.00
L-Lysine*HC1 36.47
- L-Methionine 7.50
"oy L-Phenylalanine 16.50
e L-Threonine 24.00
SNy L-Tryptophan 4.00
%: L-Tyrosine 26.00
s Biotin : 1.00 %
D-Ca pantothenate 1.00 L5
e Choline chloride 1.00
Folic acid 1.00
o i~inositol 2.00
Tl Nicotinamide 1.00
L Pyridoxal HC1 1.00
; Riboflavin 0.10
v Thiamine HCL 1.00
SRy
o
e
bon, TABLE A.1-3
orx PHOSPHATE BUFFERED SALINE
oy
o Component g/L
NN KCl 0.20
. NaCl 8.00
:'5: NapHPO4 1.15
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t::g RN QUALITY ASSURANCE
AR

Media Sterility

'1

$; Dry powdered BME was reconstituted in 950 m! of glass-distilled water and

4 filtered by pressurization through a 0.22 um cartridge filter into sterile bottles.

7 From each batch of prepared media, one out of every ten bottles was tested for

) sterility. Each test bottle was incubated at 37°C under five percent COj for
ten days and then examined for growth.

o\

N Cell Line

o

vl No antibiotics were used in any of the cultures since they can mask chronic

L infections or cause the emergence of bacterial L-forms.

. Each batch of fetal calf serum was tested for its ability to support growth of

A the cells, and maintain a monolayer for six weeks.

!

]

0 2: Positive and Negative Controls

O Whenever a transformation assay was performed, 3-methylcholanthrene (MCA),

,'. a known carcinogen, and DMSO, a negative solvent blank were included in the

assay.

N PROCEDURES FOR THE ASSAY

w Transformation Assay

b

i: Each sample was tested for transformation at three dose levels. For each dose

'_-'} level twenty dishes, with 2000 cells per dish, were treated. = Each experiment

oy also included positive and negative controls in the same number of dishes.
Twenty-four hour cultures were exposed to the test material for 48 hours at
which time the medium was removed, the cells were rinsed and fresh medium

\l

added. Medium was changed twice weekly until the cells reached confluence
) and weekly after that. Six weeks after treatment the cells were stained and

:j examined for transformed foci.

- Plating Efficiency

“ Plating efficiency was determined by exposing 200 cells (five dishes per

N concentration) to the test material. Conditions were the same as in the
j transformation assay. At the end of ten days, the cells were stained and the

‘ colonies counted to determine the survival fraction. The tranformation

X frequency was defined as the percentage of cells giving rise to Type II and Type

- I foci, corrected for plating efficiency, i.e., number of foci per surviving cell.
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ANALYSIS OF ORGANIC CARBON
BY PHOTOCHEMICAL OXIDATION/
INFRARED ABSORPTION

DEFINITION

The analysis of organic carbon consists of 1) elimination of inorganic carbon
interferences by acidification and purging, 2) oxidation of organic carbon to
carbon dioxide in the presence of persulfate and ultraviolet light, and
3) measurement by infrared absorption of the carbon dioxide produced. Organic
carbon can be measured over a concentration range of 0.05 to 2000 mg/L.

APPARATUS

Dohrmann-Xertex DC-80 automated laboratory total organic carbon analyzer
consists of an auto sampling module, a reaction module, a detector/electronics
module, and a printer module.

REAGENTS

A. Organic-Free Water is generated by passing deionized distilled water
through a stainless steel ultraviolet reaction chamber at 2 liters per half
hour. This water is collected in a 2 liter amber bottle and tightly sealed.

B. Potassium Hydrogen Phthalate - ACS grade
C. Phosphoric Acid - ACS grade

D. Potassium Persulfate - ACS grade
PREPARATION OF STANDARDS AND REAGENTS
A. Stock Standard Solutions

1. 2000 mg/L potassium hydrogen phthalate (KHP). Weigh accurately
2.1250 grams of potassium hydrogen phthalate into a small beaker.
Quantitatively transfer to the 500 ml flask. Bring up to volume with
reagent water. Add twenty drops of acid. Add teflon coated
magnetic bar, and stir for approximately one hour.

2. 200 mg/L potassium hydrogen phthalate. After rinsing the
designated 50 ml pipet with 2000 mg/L standard, transfer 50 ml of
2000 mg/L KHP to the 500 ml flask, bring up to volume with reagent
water. Add twenty-five drops of phosphoric acid, stopper, and
invert the flask several times.

A-1-40
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B. Working Standard Solutions

A 10 mg/L KHP standard is prepared by dilution of 25 mls. of 200 mg/L
stock standard in 475 mls of reagent water, and adding 25 drops of
phosphoric acid.

5, 3, 2 and 1 mg/L standards are prepared by pipeting 100, 60, 40 and 20
ml of 10 mg/L respectively into the appropriate 200 ml flasks bringing
each up to volume with reagent H20 and adding 10 drops of phosphoric
acid. NOTE: A 0.5 mg/L standard is also prepared by dilution of 10 mls
of 10 mg/L standard in 190 mls of reagent H»O when a sample's organic
carbon content is below 1 mg/L. If the organic carbon content of a
sample exceeds 10 mg/L, a 25 mg/L standard is prepared by dilution of
25 mls of 200 mg/L standard with 10 drops of acid in 175 mls of water.

Ultraviolet reactor reagent is prepared by dissolving approximately 40
grams of potassium persuflate in one liter of water and adding 0.5 mls
of phosphoric acid.

ANALYSIS

A. Sample Preparation

1l

& 2

3.

4.
5.
6.

After inverting the sample bottle several times, a small quantity of
sample is removed from each sample bottle.

The bottle is resealed and vigorously agitated.

The sample is then quickly decanted into clean, labeled pyrex test
tubes.

Raw water samples are analyzed in triplicate.
Finieshed water samples are analyzed in duplicate.
If a sample contains considerable particulate matter, test tubes

containing reagent water are placed after each replicate on the auto
sampling tray.

B. Calibration and Analysis

1.

2.

N A R R S MR A S SR O S

Each day, after the instrument has stabilized, four replicates of the 10
mg/L standard are analyzed.

Ir the value on the printer for the first two replicates are outside of
10.0 + 0.5 the instrument is recalibrated using the third and fourth
replicates for the calibration.

Duplicates of the 5, 3, 2 and 1 mg/L standards and the water blank are
analyzed.
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4. From an examination of the printer values for these standards, the
analyst determines if the instrument is functioning properly. If it is not
the analyst "trouble shoots" the instrument before proceeding.

5. If the instrument is functioning properly, a set of samples is placed on
the autosampler starting with finished drinking waters and proceeding
to samples of higher organic carbon content.

6. After each set of samples a complete set of standards and the water
blank are analyzed in duplicate.

7. After placement of the test tubes on the autosampler tray, the purging,
introduction of sample and the integration of peak area is performed by
the inst:rwment.

CALCULATION

A. The replicates for each standard sample, and the water blank are averaged.

B. The mean of the water blank is subtracted from the mean of each standard.

C. A correction factor (defined as the actual value of the standard divided by
the mean of the instrument's values for that standard minus the mean of the
water blank) is determined for each standard.

D. By interpolation from this correction factor curve the analyst determines
the appropriate correction factor for each sample.

E. The mean of each sample is multiplied by a correction factor and a corrected

organic carbon value in mg/L is reported.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A.

B.

E.

Before a newly prepared stock standard is introduced into the analysis it is
analyzed with the stock standard being used at that time. If the mean values
for the two standards are not within three percent of one another the new
standard is discarded and another is prepared.

New working standards are prepared for each analysis.

If there are working standards (10, 5, 3, 2 and 1 mg/L) remaining from the
previous analysis, these are analyzed and compared to the standards prepared
on that day.

All samples are run in duplicate or triplicate.

For each sample, if the values for the duplicates are not within 10 percent of
one another additional replicates are analyzed.
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e
F-'.::-'; F. 5 percent of all samples are spiked and recoveries are determined.
G. After manual review of the data, the analyst submits a report to the lab
3 clerk. The lab clerk proof reads the report for accuracy after it is generated.
:::‘-', H. The analyst proof reads the report and signs it when satisfied that the results
'-,:\: reported are valid.
.Y
I. The final report is submitted to the senior organic chemist for final review.
N As a final check, the values reported are compared to the typical concentra-
: 3 tion range expected for a particular water supply.
ANY]
oY J. The worksheets, chromatograms, quantitation reports, etc. are filed accord-

Eods ing to client by the lab clerk. The final report is duplicated and placed in the
organics file report binder, also according to client.

K. The final report is sent out.

\ L. The remaining portion of the water sample is stored for one month at 40C to
A allow reanalysis should there be any question of the results.
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ANALYSIS OF ORGANIC HALOGEN :f'.:-j.
IN POTABLE AND NON-POTABLE WATER
BY CARBON ADSORPTION

DEFINITION
:‘:" The analysis of organic halogen consists of f..ir parts: isolation and concentration
of the organics from water by carbon adsorption, elimination of inorganic
iy interferences, pyrolysis of the carbon to convert to inorganic halide, and
§\ ) determination of the halide by microcoulometric titration. The technique shows
N

. excellent recoveries for most halogenated organic compounds with the exception
§~.‘- of some chlorinated alcohols and acids. Organic halogen is determined over a
‘ concentration range of approximately 5 to 500 pg/L. Actual detection limits are
dependent on the daily performance of the halogen analysis system.

) 1 APPARATUS

. Dohrmann-Envirotech DX-20 Total Organic Halogen Analyzer. The DX-20
ol consists of two modules, an adsorption module and an analyzer module. The
adsorption module includes gas flow controls, sample reservoirs, carbon columns,

.‘ o automatic sample flow shut-off for simultaneous processing of four water
I samples, and a nitrate wash channel. The analyzer module includes a temperature
t2d controlled purgeable organic halogen sparger, automatic boat inlet, high tempera-
b =% ture pyrolysis furnace, and microcoloumeter.
v A
REAGENTS w
L oo
2 A.  Activated Carbon 100-200 mesh
\ h
\'-’
~y B. Cerafelt
A

C. Organic free water

Y
Fl

D. Methyl alcohol, sodium sulfite, acetic acid, nitric acid, sulfuric acid, sodium
chloride —ACS reagent grade

404

54
Y

E. Standards —2,4,6-trichlorophenol and 2,4-dichlorophenol.

PREPARATION OF STANDARDS AND REAGENTS

" 2N ]

P29

‘§: A. Stock Standard Solutions

AN

M 1. 2,4,6-trichlorophenol (10 ug organicly bound chloride per ). Weigh

accurately 1.854 grams 2,4,6-trichlorophenol into a 100 ml volumetric
flask. Add methanol to volume.

2

2.  2,4-dichlorophenol (10g organicly bound chloride per |l). Weigh
accurately 2.2958 grams of 2,4-dichlorophenol into a 100 ml
volumetric flask. Add methanol to volume.
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SAMPLE CONCENTRATION AND ANALY SIS

A.

Specialized Analyses Protocols ‘

Working Standard Solutions - 2,4,6-trichloropheno! (1 pg Cl/1 W). Dilute
10 mls stock solution to 100 mls with methanol.

Reagent Water - Organic-free water is generated by passing laboratory D.I.
water through a Barnstead Organicpure instrument.

Inorganic Chloride Microcoulometric-Calibration Standard - (1000 ppm
chloride) Accurately weigh 0.1648 grams reagent grade sodium chloride into
a clean ground glass stoppered 100 ml volumetric flask. Fill to volume with
reagent water.

Nitrate-Wash Solution (5000 mg nitrate/L) -~ Transfer approximately 8.2
grams of potassium nitrate into a one liter ground glass stoppered flask.
Add one liter of reagent water. Stir until dissolved.

Sodium Sulfite Reducing Agent (0.1 molar) - Measure approximately 12.6
grams of reagent grade sodium sulfite into a ground glass stoppered flask.
Add one liter reagent water. Stir until dissolved.

Microcoulometric Cell Electrolite (70 percent acetic acid in water) - Place
700 ml of Acetic Acid (glacial) and 300 ml reagent water in a clean flask.
Invert flask several times.

Sulfuric Acid (50 percent solution) ~ Place 50 mls of sulfuric acid and 50 mls
of reagent water in a 500 ml erlenmeyer ground glass stoppered flask.

Sample Concentration by Carbon Adsorption:

1. 40 mg of 1(0-200 mesh granular activated carbon is deposited in each
glass adsorption column. Both ends of the columns are plugged with
cerafelt.

2. Two adsorption columns are placed in series in the adsorption column
housings.

3. The housings are attached to the sample reservoir outlet.

4. After inverting the sample several times, an aliquot is immediately
poured into the sample reservoir. Avoid aeration by gently pouring the
sample into the reservoir. The reservoir is sealed and placed under 20
psi of pressure.

5. Depending on the nature of the sample, a volume of 25, 50, or 100 ml
is filtered through the adsorption columns into a class A volumetric
flask. When the appropriate volume of sample has been filtered, the
pressure in the reservoir is automatically released, and filtering
ceases. )
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<. 6. The column housings are removed from the reservoir outlet and the .
‘N sample remaining in the reservoir is allowed to empty into a waste - J
receptacle.
.ﬁ 7. The process is repeated in the same sample reservoir to produce a
‘\a’ duplicate adsorbed sample.
X
X 8. Using the best available, acidified laboratory water, the reservoir is j
filled and drained three times in order to thoroughly rinse the !
A reservoir. {
B |
2 B. Elimination of Inorganic Interferences:
uhy
b The housings containing the two adsorption columns are placed on the nitrate~
wash reservoir outlet. Under 6 psi pressure, two ml of nitrate solution are
filtered through the adsorption columns to remove inorganic halides.
X
: C. Analysis of Organic Halides:
X
*é Sample Introduction:
P 1. The carbon and cerafelt are quantitatively ejected from the adsorption
A columns into the quartz boat located in the analyzer inlet tube of the
28 AD-2 analyzer module.
L)
'
) 2.  The inlet tube is sealed and the carbon dioxide flow through the inlet A3
tube, pyrolysis tube and microcoulometric titration cell is re- W
! established. i
J q‘-\.
} 3. After the machine has stabilized (approximately one minute) the
4] automated analysis is begun by activation of the start switch.
[}
Pyrolysis:
[]
1. The quartz boat advances to the 250°C vaporization section of the
, pyrolysis tube where vaporizable components of the sample are swept
) through the pyrolysis section in the carbon dioxide stream.
L8y
2. After two minutes, the boat automatically advances to the 800°C
’ section of the pyrolysis tube and the gas stream switches from carbon
5 dioxide to oxygen. ]
- 1
5{ 3. After six minutes in the pyrolysis section, the boat is automatically !
retracted to the stand-by position in the inlet tube. i
: 4. Two minutes after retraction of the boat, the analysis is completed
i,

and the machine returns to the ready condition.

P

LN 'v
-
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5
ra
A RS
SO Titration:
.4 s
1. Throughout the ten minute analysis, organic halogens in the gas stream
) and in the quartz boat are combusted and the hydrogen halide products
' pass in the gas stream to the titration cell.

:

'“j 2. Through a constriction in the bottom of the titration cell, the gas is

v bubbled through the acetic acid solution of the cell.

- 3. Halides are trapped in the solution where they interact with silver
N ions, also present in solution to produce a silver halide precipitate.

.'." 4. The change in the concentration of silver ions is detected by sensor
- electrodes, producing a change in the voltage signal.

) 5. This change in voltage relative to a memorized baseline voltage is
: integrated and calculated. The net value, expressed as 1g of chloride,
. is displayed on the digital meter.

3 6. The value is manually recorded in the laboratory notebook with the

i} sample identification number, the reservoir on which it was filtered,
. 3 the volume filtered, and the order in which all samples were analyzed

throughout the day.
7. If the net values for the duplicates are not within 10 percent of each
e other, a third replicate is analyzed.
; CALCULATION
"y
iy A. Means and standard deviations for samples, standards, and blanks are
3 determined.

‘ B. The sample identification, means, standard deviations, volumes filtered, and
g theoretical standard values are entered into a computer program that
a corrects for standard calibration, volume, and background.

y

4 C. The total organic halogen expressed as yg of organically bound chloride per
liter are calculated.

k- D. The sample identification number, TOX value, and standard deviation are
¥ 5 stored on the H.P. computer and a hard copy of this information is produced.

2!

N QUALITY ASSURANCE
- Quality assurance is maintained by the following analytical routine:

' A. The analyzer module is run with the boat empty at the beginning of each day
§ to remove all contamination accumulated since the previous analysis.

f
b B. The response of the titration cell is checked each day by injecting 10 ug of

inorganic chloride directly into the titration cell solution. Injections are
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repeated and adjustment of the instrument made until two subsequent
replicates within + 0.20 g of 10 pg of chloride are obtained.

Triplicate 10 1g organic chloride instrument calibration standards (standards
injected directly onto the carbon contained in the adsorption columns) are
analyzed at the beginning of each day, and subsequently after each 10
sample analyses.

Triplicate carbon blanks (carbon packed addsorption columns washed with
nitrate-wash solution only) are analyzed at the beginning of each day, and
subsequently one blank is analyzed after each 10 sample analyses.

All samples are analyzed in duplicate. If the net values of the duplicates
are not within ten percent of one another, a third replicate is analyzed.

The titration cell is revitalized by rinsing with fresh cell solution after
approximately every twenty analyses.

The volume of sample filtered is adjusted for each site analyzed to produce
adsorbed organic halogen content in the range of optimum function of the
instrument.

Every twentieth sample, the top and bottom adsorption columns from one
sample adsorption are analyzed separately to determine if any organic
halogen breakthrough is occurring.

Every twentieth sample is spiked and recoveries are determined.

The purity and adsorption capacity of each new batch of carbon purchased is
assessed by analysis of seven replicates each of the reagent water, carbon
blanks, instrument calibration standards, and adsorption efficiency standards
(standards injected into reagent water then filtered).

After manual review of the data, the analyst submits a report to be typed to
the lab clerk. The lab clerk proof reads the report for accuracy after it is

typed.

The analyst proof reads the report and signs it when satisfied that the
results reported are valid.

The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for a particular water supply.

The worksheets, strip chart data, quantitation reports, etc., are filed
according to client by the lab clerk. The final report is duplicated and
placed in the organics files, also according to client.

The final report is sent out.
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P. The remaining portion of the water sample is stored for one month at 4°C to
allow reanalysis should there be any question of the results.
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ANALYSIS OF TRIHALOMETHANES
IN POTABLE AND NON-POTABLE WATER
BY LIQUID-LIQUID EXTRACTION

DEFINITION

The analysis of trihalomethanes consists of two parts: concentration by liquid-
liquid extraction (LLE) and analysis by gas chromatography (GC). Four trihalo-
methanes -- chloroform, dichlorobromomethane, dibromochloromethane, and
bromoform — are determined over a concentration range of approximately 0.1 to
2000 1g/L. Actual detection limits are dependent on the daily performance of the
chromatographic system.

APPARATUS

The Varian 4600 gas chromatograph is a modular, dual column, dual detection
instrument capable of isothermal or temperature programmed operation with
packed or capillary columns and a variety of detectors.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a Barnstead Organicpure unit. This water is collected in a narrow-mouthed
1 liter bottle and boiled for 15 minutes. While hot, contaminant-free
nitrogen is bubbled through the water at 50 ml/minute continuously.

B. Methyl alcohol — ACS reagent grade
C. Sodium thiosulfate - ACS reagent grade
D. Standards:
1. Bromoform - ACS grade
2. Bromodichloromethane 97 percent - ACS grade
3. Chlorodibromomethane - ACS grade
4. Chloroform - ACS grade
5.  Dibromopropane (I.S.) - ACS grade
E. Extractant — pesticide grade pentane
STANDARD PREPARATION
A. Fill a 50 ml glass stoppered volumetric flask with approximately 49 ml of
methyl alcohol. Let stand for a few minutes. Stopper the flask and weigh
to + 0.1 mg.

B. Add 3 to 4 drops of standard to the flask immediately with syringe or
pasteur pipet and reweigh.
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_\ .
N
N
“:3' :.‘,—‘::x NOTE: The standard drops should fall directly into the alcohol without
ﬁ'- A contacting the flask neck.
._;" C. Dilute to volume with methanol, stopper tightly and mix by inverting the
oA flask 2 to 3 times.
b ,\{
o
- D. Calculate the concentration in pyg per 1l from the net gain in weight.
- "f
E. Transfer 1 ml with a pipet into a 2 ml vial. Tightly cap, label, and store the
8 solution at -20°C.
Y
328 INTERNAL STANDARD
I_-\
AN
a A. Prepare a standard of dibromopropane in methanol as detailed above.
o B. From the calculated concentration determine the volume necessary to
.-.,:: prepare a 1,720 1g/L solution. (This concentration is equivalent to 75 ug/L of
— water at the concentration ratio used in this procedure.)
b ~-"
-
-~ C. Using a syringe, inject this volume of concentrated dibromopropane in one
liter of pesticide grade pentane. Fill to volume, stopper the flask and invert
o 2 to 3 times to mix the solution.
_“.f: D. Transfer and store at -20°C in 500 m] amber bottles with teflon seals.
-
Y - EXTRACTION AND ANALYSIS

A. Aquecis standard solution for calibration

L%
-
L)

. B &
~

o NOTE: Prior to preparation of standards check water blank on GC for
, ':.:-: impurities.
R

1. Prepare four (4) clean 500 ml glass stoppered volumetric flasks and
two (2) 1 liter volumetric flasks, the automatic pipettor for phosphate
buffer, and the automatic pipetor for the pentane and dibromopropane
(internal standard) solution.

>
L)
»

“u
\J.'
v,
2. Fill the firsi 500 ml glass stoppered volumetric flask with approxi-
mately 500 ml organic-free water and label 300 ppb.
' 3. Inject 50 (the exact amount will depend on the number of pg/d) stock
.. standard solution directly into the organic-free water.
i
" 4. Stopper the flask immediately and slowly invert 2 to 3 times to mix
the solution. This solution will give a concentration of 300 parts per
billion.
{..'
;‘* 5. Immediately transfer the standard to 125 ml amber bottles and seal
K without headspace.
g
» . ":‘: -ﬂ'
".' y Y
5 ok
)
e
-
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~
ot
tfzj 6. Inject 25 Wl stock standard solution directly into the second 500 ml
2 volumetric flask to obtain a 150 ppb standard. o
‘ - 7. Inject 17 W stock standard solution directly into the next 500 ml

Nd volumetric flask to obtain a 100 ppb standard.

ﬂf: 8. Inject 10 Y stock standard solution directly into the last 500 ml

20 volumetric flask to obtain a 60 ppb standard.

¥ 9. Inject 10 |l of stock standard solution into the first 1 liter volumetric

N ' flask to obtain a 30 ppb standard.

L

13y

N 10. Remove 50 mls of organic-free water from the remaining 1 liter flask

T4

and prepare the 5 ppb standard by pipetting 50 mls of 100 ppb standard
into this liter flask.

A% B. Blank
P
.\_;; 1. The blank is the organic-free water used to prepare the standard.
A 2. Another blank consists of the extraction of organic-free water
ol containing the buffer solution at the correct concentrations.
X
x 3. All blanks should be poured into labeled bottles to overflow and sealed
;ﬁ with TFE teflon septa and screw caps. The blanks should then be
che~ked for air bubbles as with the standards and samples. e
C. Extraction Procedure
NOTE: Prior to extracting any sample, test the pentane on the GC for
\ impurities.
‘ 1. Each 125 mi bottle containing standards and samples is opened, and 10
7:;5' mls of water is removed using a pipettor with a disposable tip. 0.5 mls
. of phosphate buffer and 5 mls of pentane containing int..-al standard
. are added.
?
]
?5' 2. Bottles are then capped and left inverted on a level surface until it is
- ready to be placed on the shaker.
::3: 3. Shake the sample on a gyrorotatory platform shaker for 25 minutes at
A 400 rpm, then place sample on level surface and keep it standing in
) inverted position until extract collection.
- 4, Collect the extract with a disposable pasteur pipet and transfer into
\,. two 2 ml vials. Immediately seal the vials with a TFE septum and
lq screw caps on tightly. Label each vial.
a0
ot
",::. 5. Put one labelled vial into the carousel of the autosampler of the 4600
2P gas chromatograph for analysis. Store the second vial at -20°C for
repeat analysis if required.
Y -
oA
N
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[ —_—
‘
:
3




Frr

S8 Y
P

WOW SNV )

' N
y -

PO Sl el )
OO I U

a2 a

A A A

L}v—i.‘ﬂ.n" :

o

PN RN

oy o "R AR SNV W e A e N T s e R e o e e L e e e T e T T

Specialized Analyses Protocols

2
*

;'.' V)

" CHROMATOGRAPHIC ANALYSIS

A. The THM's are analyzed with the following instrument conditions:

Detector: Ni63 electron capture
Carrier Gas: Ultrapure N, @ 80 PSI
Injector Pressure: 15 PSI

Split flow: 30 m}/min

Make-up flow: 30 ml/min

Column flow: 1 ml/min

Injector temp.: 2200C

Detector temp.: 300°C

Column temp.: 459 Isothermal

Autosampler injection volume: 2

B. The column utilized is a fused silica open tubular column 0.25 mm x 30 M
coated with SE-54. The trihalomethanes give the following retention times
under these conditions:

CHCIl3 4.2
DCBM 5.4
DBCM 7.8
DPB (1.S.) 10.7
CHBr3 12.6

CALCULATION

i/

With the information developed from the 1, 10, 50, and 100 PPB standards
develop a calibration curve for each of the trihalomethanes. The calibration
curve plots THM concentration versus integrated ion area counts. Ion
counts are normalized with the internal standard according to the following
calculation:

Normalized THM Ion Counts =  (100,000) x (THM Ion Counts)
Internal Standard Ion Counts

QUALITY ASSURANCE

Analytical quality is assured by the following daily routine:
A. Analyze extractant for impurities.

B. Analyze blank water for impurities.

C. Field blanks are recommended and analyzed as samples.

D. Prepare and analyze standards at 5, 25, and 50 ppb in triplicate. Standards
at 100, 150 and 300 are also routinely prepared and are analyzed when

necessxry.
N
5
\4'
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E. Develop calibration curves for each THM based on the average of the ,-j-_.':f'.
triplicate standards. g
N F. Test precision by analyzing each twentieth sample of the day in duplicate.
33 ‘e y
j'.\';. If standard deviation is >10 percent, troubleshoot problems before
é; ‘ continuing.
N-‘.
Ty '
&% G. Spike each twentieth sample with the four THM's at between 10-50 ppb,
check for accuracy. If accuracy is not <10 percent troubleshoot problems
N before continuing.
c_l H. Standards are included (approximately one every five samples) throughout
e the autosampling series.
N\
I Prepare a written report of sample THM concentrations and have it typed by
19 the lab clerk. The lab clerk proofs the report for accuracy in typing and
:‘g addition of Total THM's. The analyst signs the report on the bottom when
W satisfied that the results reported are valid.
2
"- J. All worksheets, chromatograms, and calibration curves are clipped to the
final THM report and submitted to the chief organic chemist for final
25 review. This review includes a spotcheck of the chromatograms to ensure
- proper resolution and quantification. As a final check the values reported
:'{j are compared to the typical concentration range expected for the water
g supply and the CHCl3:DCBM:DBCM:CHBr3 ratio is reviewed.
Y P oY
K. The worksheets, chromatograms, integrator values, and calibration curves Eg
N are filed according to lab number by the lab clerk. The final report is
';.\.: duplicated and placed in the organic department's final report binder,
o according to lab number.
O
s L. The final report is sent to the client.
‘ i M. The duplicate THM extract is stored at -20°C for 90 days to allow reanalysis
‘:": should there by any question of the results.
b ~{:
Ny
i
3
\ |
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?
*ﬁ
f-:‘ ‘_: ANALYSIS OF PURGEABLE ORGANIC COMPOUNDS
Py IN POTABLE AND NON-POTABLE WATER
BY GAS CHROMATOGRAPHY MASS SPECTROMETRY
3%
Z::ﬁ. DEFINITION
"'.‘: The analysis of purgeable organics consists of two parts: stripping and concentra-
tion of the organics by the purge and trap technique and subsequent analysis by
NN GC/MS. Thirty volatile organics are determined over a concentration range of
oy approximately 0.1 to 100 1g/L. Actual detection limits are dependent on the daily
N performance of the GC/MS system.
i~
o5 g
o2 APPARATUS
<M Finnigan Series 4000 Gas Chromatograph Mass Spectrometer interfaced to
7y Tekmar LSC-2 Sample Concentrator. The Finnigan 4021 GC/MS is a high
Yoo performance low resolution quadruple mass spectrometer equipped with dynode
ﬂ'_: conversion prior to the electron multiplier for high sensitivity. The Tekmar LSC-

2 concentrator is an automated purge and trap device which is interfaced to the
gas chromatograph of the GC/MS via a heated stainless steel transfer line.

REAGENTS:

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultraviolet reaction vessel at the rate of 2 liters per half
hour. The water is collected in a 2 1. amber bottle and tightly sealed.

B. Methanol, sodium thiosulfate and other reagents—ACS reagent grade.

C. Standards: 95+ percent purity

STANDARD PREPARATION
A. Stock standard solutions
: 1. Fill a 50 ml], glass stoppered volumetric flask with approximately 49 ml

-
= of methanol. Let stand for a few minutes until weight is constant.
Stopper the flask and weigh to +0.1 mg.

:_}; 2. Add 3-4 drops as required of the standard to the flask with a syringe or
~gn Pasteur pipette and reweigh. NOTE: The drops of the standard organic
MM material should fall directly into the alcohol without contacting the
X flask neck.
2 3. Dilute to volume with methanol, stopper tightly and mix by inverting
,::v the flask 1-2 times.
.‘f
K '? 4. Transfer aliquots of the solution into 2 ml ampules and seal. Transfer
al other aliquots to amber vials with teflon seals for immediate use.
- - Calculate the concentration in ugAl from the net gain in weight.
N

" ‘5:’
<
[} $“

7
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,.';':.

<

X2 B. Internal Standards )
1. The internal standards 1,3-Dichloropropane and 1-Bromo-4-fluoroben-

o zene are prepared in methanol by the same procedure.

s

.':: SAMPLE CONCENTRATION AND ANALYSIS

YA

”}J-" A. Spike the sample contained in the 60 ml amber bottle with the appropriate
quantity of the internal standards in methanol to produce a concentration of

¥ ¥ 5 yg/L. Allow the internal standards to equilibrate within the sample for 1/2

™ hour prior to analysis.

.: B. Rinse the 25 ml gas-tight syringe and the 25 ml sparger on the Tekmar

g concentrator with laboratory blank water.

gﬁ C. Pour the sample into the gas-tight syringe very gently and replace the

e plunger to bring the volume to exactly 25 ml.

\» g0 g
r S w

D. Load the sample into the Tekmar sparger via the luer lock valve without
aerating the sample.

a

: E. Purge the sample for 8 minutes with a helium flow of 15 ml/min into the
: Tenax/silica gel trap which is maintained at 25°C.
1’}3 F. Set the mass spectrometer to run in the electron impact direct mode with

an emission current of 0.5 milliamps, an electron energy of 70 electron
volts, the electron multiplier at 1200 to 1800 volts (depending on the age of

O

f. the electron multiplier), the dynodes at 3000 volts, and the ion source at
-*:-fl 300°C. Set the data system to scan from m/e 34-300 in 0.75 seconds with a
2 0.05 second hold at the bottom.
N
e G. Apply liquid nitrogen in a styrofoam cup to the front of the capillary column
v in preparation of the upcoming desorption step.

By

: H. Desorb the compounds from the Tenax/silica gel trap at 200°C for 2.5

") minutes with a 15 ml/min helium flow rate. The liquid nitrogen is removed
"":{ following completion of the desorption step and the oven door closed.

o L A split ratio of 10:1 is used during the desorption step.
:
D\ 4

.. J. The gas chromatograph is programmed from the beginning of the desorption

X! step. First the GC is held isothermal at 35°C for 4.5 minutes. Then the
S oven is programmed to 65° at 4°C/minute followed by 8°C/minute to 180°C
where the temperature is held for the duration of the run.

X K. Between runs the Tenax trap is baked out at 225°C for 8 minutes.

e

-~ L. Injector interface and transfer line temperatures are maintained at 250°C
"3

throughout the concentration and analysis procedure.

.’
h‘ LA

a

-
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CALCULATION

At the completion of the GC/MS run, the data are submitted to the Finnigan
automated quantitation software analysis program. Identifications and quantifi-
cation assigned by the automatic software is always checked manually by the
mass spectroscopist for accuracy.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A.

B.

E.

F.

L

J.

The GC/MS is tuned to meet 4-Bromofluorobenzene specifications as
detailed in the Quality Control Manual.

A laboratory water blank is analyzed to check for artifacts from the GC/MS
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

A standard containing all thirty purgeable organic compounds is analyzed
and proper instrument sensitivity and stability are determined by compar-
ison of performance with earlier calibration curves stored in the quantita-
tion software. Significant deviation from previous quantitation curves
requires running a complete new set of calibration standards.

The precision of the technique is determined by running 10 percent of the
samples in duplicate.

The accuracy of the technique is determined by spiking 10 percent of the
samples and determining recoveries.

After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.

All worksheets, chromatograms, quantitation reports, and calibration curves
are organized and the final report submitted to the chief organic chemist
for final review. As a final check, the values reported are compared to the
typical concentration range expected for the particular water supply.

The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to lab number by the lab clerk. The final report is duplicated and placed
in the organics file report binder, also according to lab number.

The final report is sent out.
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L. The remaining portior of the water sample is stored for one month at 4°C to o
allow reanalysis should there be any question of the results. )
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Specialized Analyses Protocols

ANALYSIS OF BASE/NEUTRALS AND ACIDS
IN POTABLE AND NON-POTABLE WATER BY GC/MS

DEFINITION

The analysis of base/neutrals and acids covers the determination of a number or
organic compounds that are solvent-extractable and amenable to gas chroma-
tography/mass spectrometry. Approximately 48 base/neutrals and 12 acid-
extractables are determined over a concentration range of approximately 1-100
pg/L. Actual detection limits are dependent on the daily performance of the
GC/MS system.

APPARATUS

Finnigan Series 4021 gas chromatograph/mass spectrometer. The project's
Finnigan 4021 gas chromatograph/mass spectrometer is a low resolution,
gquadrapole mass spectrometer.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultra-violet reaction chamber at 2 liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methanol, sodium hydroxide, sulfuric acid, sodium sulfate and other
reagents--ACS reagent grade.

C. Standards - ACS grade, 95+ percent purity where possible.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 pygAl. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
50 ml ground-glass stoppered volumetric flask. This primary stock solution is
transferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and
stored at -20°C until used.

INTERNAL STANDARD

Internal standards are prepared using the same method as that for standards
detailed above.

EXTRACTION
A. Base/neutrals

1. Pour sample into 1 liter graduated cylinder and transfer contents to a
2 liter separatory funnel.

R T
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Adjust the pH of the sample with 6 normal sodium hydroxide to pH 11
or greater. Use multi-range pH paper for the measurements, using a
Pasteur pipette to transfer a drop of the sample to the paper.

Add 60 ml, pesticide-grade methylene chloride to the graduated
cylinder to rinse the walls. Transfer the solvent into the separatory
funnel and extract the sample by shaking the funnel for 2 minutes with
periodic venting to release excess vapor pressure.

Allow the organic layer to separate from the water phase for a
minimum of 10 minutes. If the emulsion interface between layers is
more than one third the size of the solvent layer, the analyst must
employ mechanical techniques to complete the phase separation. The
optimum technique depends upon the sample but may include stirring,
filtration of emulsion through glass wool or centrifugation.

Add a second 60 ml volume of methylene chloride to the sample bottle
and complete the extraction procedure a second time combining the
extracts in an erlenmeyer flask.

Perform a third extraction in the same manner.

Pour the combined extract through a drying column containing 3-4
inches of anhydrous sodium sulfate and collect the eluant in a 500 ml
Kuderna Danish (KD) flask equipped with a 10 m] concentrator tube.

Rinse the erlenmevyer flask with 20-40 ml of methylene chloride. Pour
this through the drying column, adding to the total extract.

Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

Prewet the Snyder column by adding about 1 ml methylene chloride
through the top.

Place the KD apparatus on a warm water bath 60-650C so that the
concentrator tube is partially emersed in the water and the entire lower
rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required
to complete the concentration in 20 minutes. NOTE: At the proper
rate of distillation the balls of the column actively chatter but the
chambers do not flood.

When the volume has reached an apparent volume of 1 ml, remove the
KD apparatus and allow the solvent to drain for at least 10 minutes
while cooling.

Remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 1-2 ml of methylene chloride. A Pasteur
pipette may be used for this operation.

A-1-60
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3.: .\:; 14. Add a clean boiling chip and attach a two-ball micro-Snyder column to ]
v ~ the concentrator tube.
b 15. Prewet the column by adding about 0.5 ml methylene chloride to the )
S top. .
3
-3
k) 16. Place the KD apparatus in a Kontes heating block and set the
- temperature so that the concentration is completed in 10 minutes. ]
o4 17. When the liquid reaches an apparent volume of about 0.5 ml, remove {
Al the KD from the Kontes heater and allow the solvent to drain and cool 4
s for at least 10 minutes. Remove the micro-Snyder column and rinse its )
G lower joint into the concentrator tube with approximately 0.2 ml of
0 methylene chloride.
b 18. Adjust the final volume to 1.0 ml, seal and label as the base/neutral :
! fraction. |
‘# o
< B. Acid fraction ]
A d
1. Adjust the pH of the water previously extracted for base/neutrals with
! 6-normal sulfuric acid to pH 2 or below.
: 2. Serially extract with 60, 60 and 60 ml portions of pesticide grade
y methylene chloride.
o,! Ny
ﬂ 3. Collect and combine the extracts in a 250 ml erlenmeyer flask and dry
A by passing through a column of anhydrous sodium sulfate.
‘§ 4. Rinse the erlenmeyer flask with 20-40 ml of methylene chloride and
K) pour through the drying column.
1!
5. Concentrate the extract to a final volume of 1 ml, following the same
v procedure as outlined above for concentration of the base/neutral
A extract.
:-J’ ANALYSIS
f The base/neutral and acid fractions are analyzed with the following gas chromato-
f graph and mass spectrometer conditions:
e: GC/MS SYSTEM
-4
A. Gas chromatograph conditions
- 1. Column: 0.25 mm x 15 M fused silica open
' tubular (FSOT) column coated with
b DB-5 (J&W Scientific)
; 2. Column head pressure: 10 psi
.c _:ﬁ
by =7
?I
:_;
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3. Injector temperature: 2500C

4. Carrier gas: helium

5. Column temperature program: 1 minute at 65°C then 65-95°C at
29/minute followed by 95°C tc 300°C
at 89/minute. The temperature is
held at 3000C for the remainder of
the run.

B. Mass spectrometer conditions

1. Separator oven: 2500C

2. Transfer line: 2500C

3. Mode: electron impact direct

4. Emission current: 0.5 milliamps

5. Electron energy: 70 eV

6. Electron multiplier: 1200-1800 Volts

7. Dynodes: 3000 Volts

8. Ion source temperature: 300°C

9. Data system scan: M/E 34-345 in 0.95 seconds with a
0.05 second hold at the bottom

C. A 10 syringe is thoroughly cleaned with methylene chloride.
D. 2y of the acid and/or base/neutral fraction is loaded into the syringe.

E. The sample is injected directly into the capillary column and the GC
program and MS acquisition started.

CALCULATION

A. At the end of the GC/MS run the data are submitted to analysis by the
Finnigan reverse search software.

B. Identifications and quantification values generated by the automated soft-
ware are manually checked by the mass spectroscopist for validity.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:
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: ) A. The GC/MS is tuned to meet DFTPP specifications as detailed in the Quality
N Control Manual.

X B. A laboratory water blank is analyzed to check for artifacts from the GC/MS
‘f- system for the presence of impurities in the water blank making it
X4 unsuitable for standard preparation.
¥a C. Field blanks are analyzed on a routine basis as a part of the quality
' assurance program.
X
:: D. Standards containing all the extractable organic compounds are analyzed

! and proper instrument sensitivity and stability are determined by compar-

'.: ison of performance with earlier calibration curves stored in the quantita-

tion software. Significant deviation from previous quantitation curves
requires running a complete new set of calibration standards.

- E. The precision and accuracy of the technique is determined by running 10
: percent of the samples either in duplicate, or with a standard spike addition.
W
1

F. After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

G. The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.

.‘0.. 0~ j
A Agr a4,

o H. The final report is submitted to the chief organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

AN,

I The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder.

" ek

J.  The final report is sent out.

‘R 2 K. The remaining portion of the water sample is stored for one month at 4°C to
- allow re-analysis should there be any question of the results.
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ANALYSIS OF HERBICIDES
IN POTABLE AND NON-POTABLE WATER BY GC

DEFINITION

This analysis for herbicides includes 2,4-D, silvex, 2,4,5-T, and their corre-
sponding acids, salts, and esters. These compounds are isolated from water by
liquid-liquid extraction, derivitized and quantitated by gas chromatography in the
concentration range from 0.1-10 yg/L. Actual detection limits are dependent on
instrumental stability and interferences present in the sample matrix.

APPARATUS

Varian 4600 GC equipped with capillary column and electron capture detector,
controlled by a 401 data system.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultra-violet reaction chamber at 2 liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methylene chloride, toluene, acetone, and ethyl ether - pesticide grade.

C. Potassium hydroxide, sulfuric acid, sodium sulfate, and other reagents ~ACS
grade.

D. Florisil - P.R. gl'ade.

E. Standards - EPA reference standards.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 pg/il. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
ground-glass stoppered volumetric flask, This primary stock solution is trans-
ferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and stored at
-18°C until used.

INTERNAL STANDARD

Internal standards are not used for herbicide analysis.

EXTRACTION AND ESTERIFICATION

A. Pour 1L of sample into a graduated cylinder and transfer the contents into
a 2 L separatory funnel.

A-1-64
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&

oo B. Adjust the pH to 2 with concentrated sulfuric acid. Use multi-range pH
paper for measurements, using a Pasteur pipette to transfer a drop of
sample to the paper.

shS
'l

C. Add 60 ml, pesticide-grade methylene chloride to the graduated cylinder and 1
: rinse the walls. Transfer the solvent into the separatory funnel and extract ]
o the sample by shaking the funnel for two minutes with periodic venting to )
o release excess vapor pressure. ]
D. Allow the organic layer to separate from the water phase for a minimum of ;
N 10 minutes. If the emulsion interface between layers is more than one third :
f.j- the size of the solvent layer, the analyst must employ mechanical techni- 1
:-Z ques to complete the phase separation. The optimum technique depends ]
- uvpon the sample but may include stirring, filtration of emulsion through 3
glass wool or centrifugation.
1
q E. Add a second 60 ml volume of methylene chloride to the separatory funnel b
;\j and complete the extraction procedure a second time combining the b
'.’fq extracts in an erlenmeyer flask.
F. Perform a third extraction in the same manner. a
. :
N G. Pour the combined extract through a drying funnel containing 3-4 inches of .
N acidified anhydrous sodium sulfate and collected in a 500 m! Kuderna Danish h
4 (KD) flask equipped with a 10 ml concentrator tube. +
- b
Ay ol
G H. Rinse the Erlenmeyer flask with 20-40 ml of methylene chloride. Pour this |
through the drying column, adding to the total extract. ]
’ .
'.i: L Add 15 ml 1IN potassium hydroxide solution to the KD for hydrolysis. .
J. -Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball 4
macro~-Snyder column.
" K. Prewet the Snyder column by adding about 1 ml methylene chloride through
N4 the top.
N
L. Place the KD apparatus on a warm water bath 80°C so that the concentra-
tor tube is partially emersed in the water and the entire lower rounded
surface of the flask is bathed with water vapor. Adjust the apparatus to a
- vertical position and heat for one hour.
:"; M. Remove the KD apparatus and allow the solvent to drain for at least 10
- minutes while cooling.
N. Remove the Snyder column and add 2 ml of 25 percent sulfuric acid.
‘:, O. Transfer the contents of the KD flask to a 125 ml separatory funnel and
. extract three timas with 20 ml volume of methylene chloride.
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Collect the combined methylene chloride extract in an Erlenmeyer flask.
Pour the extracts through a funnel containing 5 grams acidified anhydrous
sodium sulfate.

Transfer the dried methylene chloride extract to a KD apparatus and
evaporate to approximatey 5 ml.

Remove the KD from the water bath and allow to cool for 10 minutes.
Remove the receiver from the KD apparatus and attach a micro-Snyder
condenser.

Add 1 ml of toluene and evaporate the extract to approximately 0.9 ml using
a stream nitrogen and a hot water bath.

Remove from heat and cool for 10 minutes. Add 0.5 ml fourteen percent
boron trifluoride in methanol solution.

Heat the micro KD apparatus in a Kontes heater block for 30-40 minutes at
550C.

Remove from heat and cool for 10 minutes. Add 4.5 ml five percent sodium
sulfate solution, cap the receiver, and shake for 30 seconds and allow to
stand for 10 minutes.

Remove the toluene layer (top layer) and pass through a micro-column
composed of a lower layer of 1.5 cm florisil and 2.0 cm acidifed sodium
sulfate in a Pasteur pipette plugged with glass wool.

Add 1 ml of toluene to the receiver containing the sodium sulfate solution.
Repeat shaking, separation, and micro-column steps until a total of 5 ml of
solvent have been collected.

ANALYSIS

The general methodology outlined is taken from the 15th edition of Standard
Methods. All samples are analyzed by capillary column.

GC SYSTEM

Chromatograph conditions

A. Column:

0.25 mm x 30 meter open tubular fused silica capillary column coated
with DB-5 (J & W Scientific).

B. Column Temperatures:

Capillary column temperature program: 1600, 2 minutes hold, 6° per
minute to 280°C.
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Specialized Analyses Protocols

C. Electron Capture Detector Temperature: 3000C
D. Injector Temperature: 2200C
E. Gases:

Hydrogen (1 ml/min at 0.7 kg/cmz)
Nitrogen (30 ml/min)

Carrier Gas
ECD Make up

F. Sample Injection: Samples are injected using a Model 8000 Varian
autosampler. The injections are 2. The syringes are cleaned
thoroughly with pesticide grade hexane prior to each injection.

CALCULATION

Calculations are made using a Varian Vista 401 data station which compares
retention times and peak areas to those of an analytical standard run in the same
manner as the sample extracts.

QUALITY ASSURANCE

A.

With each set of samples, a laboratory water sample is spiked with a
standard mixture, carried through the extraction procedure, and analyzed by
GC. Recoveries of herbicides are compared to previously developed
precision/accuracy and recovery data. Significant deviation from previous
quantitation data requires running a complete new set of standards.

A laboratory water blank is extracted and analyzed with each set of samples
processed to ensure the absence of interfering artifacts.

Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

The precision and accuracy of the technique is determined by running 10
percent of the samples either in duplicate, or with a standard spike addition.

After manual review of the data generated by the GC software, the analyst
submits a report to be typed by the lab clerk. The lab clerk proofs the
report for accuracy after it is typed.

The analyst proofreads the report and signs it on the bottom when satisfied
that the results reported are valid.

The final report is submitted to the chief organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder, also according to client.
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Specialized Analyses Protocols

The final report is sent out.

The remaining portion of the water sample is stored for one month at 4°C to
allow reanalysis should there be any question of the results.
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ANALYSIS OF PESTICIDES AND PCB's
IN POTABLE AND NON-POTABLE WATER BY GC

DEFINITION

The analysis of pesticides and PCB's covers approximately 23 compounds that are
solvent-extractable and determined over a concentration range of 0.01 to 10 1g/L.
Actual detection limits are dependent on instrument stability and interferences in
the sample.

APPARATUS

Varian 4600 GC with capillary column electron capture and nitrogen phosphorus
detectors, controlled by a Varian 401 Data System.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a stainless steel ultraviolet reaction chamber at 2 liters per half hour. This
water is collected in a 2 liter amber bottle and tightly sealed.

B. Methylene chloride, hexane, methanol, acetone, and ethyl ether - pesticide
grade.

C. Sodium hydroxide, sulfuric acid, sodium sulfate, and other reagents -ACS
grade.

Do FlOl’isil - P.R. grade-

E. Standards - EPA reference standards.

STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 ygAl. These
standards are prepared by dissolving the appropriate quantity of assayed reference
material into a pesticide-quality solvent (appropriate) and diluting to volume in a
ground-glass stoppered volumetric flask. This primary stock solution is
transferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and
stored at ~18°C until used.

INTERNAL STANDARD

Internal standards are not used for pesticide analysis because of potential
interference from the multicomponent compounds (toxaphene, chlordane, PCB's).

EXTRACTION

A. Pour 1 liter of sample into a graduated cylinder and transfer the contents
into a 2 liter separatory funnel.
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Add 60 ml, pesticide~grade methylene chloride to the graduated cylinder and
rinse the walls. Transfer the solvent into the separatory funnel and extract
the sample by shaking the funnel for 2 minutes with periodic venting to
release excess vapor pressure.

Allow the organic layer to separate from the water phase for a minimum of
10 minutes. If the emulsion interface between layers is more than one third
the size of the solvent laver, the analyst must employ mechanical techni-
ques to complete the phase separation. The optimum technique depends
upon the sample but may include stirring, sonification, or filtration of
emulsion through glass wool or centrifugation.

Add a second 60 ml volume of methylene chloride to the separatory funnel
and complete the extraction procedure a second time combining the
extracts in an erlenmeyer flask.

Perform a third extraction in the same manner.

Pour the combined extract through a drying column containing 3-4 inches of
anhydrous sodium sulfate and collected in a 500 ml Kuderna Danish (KD)
flask equipped with a 10 ml concentrator tube.

Rinse the erlenmeyer flask with 20-40 ml of methylene chloride. Pour this
through the drying column, adding to the total extract.

Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball
macro-Snyder column.

Prewet the Snyder column by adding about 1 ml methylene chloride through
the top.

Place the KD apparatus on a warm water bath at 60-65°C so that the
concentrator tube is partially emersed in the water and the entire lower
rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required to
complete the concentration in 20 minutes. NOTE: At the proper rate of
distillation the balls of the column actively chatter but the chambers do not
flood.

When the volume has reached an apparent volume of 1 ml, remove the KD
apparatus and allow the solvent to drain for at least 10 minutes while
cooling. ‘

Remove the Snyder column and add 50 ml hexane to the flask.

Add a clean boiling chip and reattach the Snyder column.

Prewet the column by adding about 0.5 ml hexane to the top.

Place the KD apparatus in a warm water bath and set the temperature to
900C so that the concentration is completed in 10 minutes.
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P. When the liquid reaches an apparent volume of about 2 ml, remove the KD
from the water bath and allow the solvent to drain and cool for at least 10
minutes. Remove the Snyder column and rinse its lower joint into the
concentrator tube with approximately 2 ml of hexane.

Q. Adjust the final volume to 5ml by blowing under nitrogen. The extract is
then transferred to a 5 ml glass vial with TFE septum.

ANALYSIS

Pesticide analysis is performed using EPA Method 608 as the basic guideline. All
samples are analyzed using capillary columns. If interferences are present that
impact identification and quantification then samples are cleaned up using Florisil
(see EPA Method 608). Confirmation is performed using a second capillary
column.

GC SYSTEM

A. Gas chromatograph conditions

1.

2.

3.
4.

5.

6.
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Columns:

a) 0.25 mm x 30 meter open tubular fused silica capillary column
coated with SE-54 (J & W Scientific).

b) 0.25 m x 30 meter open tubular fused silica capillary column
coated with DB-1701 (J & W Scientific) for confirmation.

Column Temperature:

Temperature program 55°C for | minute then programmed to 1550C at
25°C/min. The column is then programmed to 250°C at 6°C/min and
held there forl to 5 minutes.

Detector Temperature: 300°C

Injector Temperatures: 220°C

Gases:

a) Carrier Gas: Hydrogen (1 ml/min at 0.7 kg/cm?2)

b) ECD make up: Nitrogen (30 ml/min)

Sample Injection: Samples are injected onto the column using a Model
8000 Varian autosampler. The injection volume is 2 | splitless. The

syringes are cleaned thoroughly with pesticide grade hexane prior to
each injection.
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CALCULATION

Calculations are made using a Varian Vista 401 data station which compares
retention times and peak areas to those of an analytical standard run in the same
manner as the sample extracts.

QUALITY ASSURANCE

A. With each set of samples, a laboratory water sample is spiked with a N
standard mixture, carried through the extraction procedure, and analyzed by E
GC. Recoveries of pesticides/PCB's are compared to previously developed y
precision/accuracy and recovery data. If significant deviation from previous E
quantitation data occurs, the average of the previous recoveries is used. 1

B. A laboratory water blank is extracted and analyzed with each set of samples
processed to ensure the absence of interfering artifacts.

C. The precision and accuracy of the technique is determined by running 10 N
percent of the samples either in duplicate, or with a standard spike addition. N

D. After manual review of the data generated by the GC software, the analyst X
submits a report to be typed by the lab clerk. The lab clerk proofs the .
report for accuracy after it is typed. P

E. The analyst proofreads the report and signs it on the bottom when satisfied
that the results reported are valid. ===

F. The final report is submitted to the senior organic chemist for final review. '
As a final check, the values reported are compared to the typical concentra- N
tion range expected for the particular water supply. b

G. The worksheets, chromatograms, quantitation reports, etc. are filed accord-
ing to client by the analyst. The final report is duplicated and placed in the
organics files, also according to client.

H. The final report is sent out. :

L The remaining portion of the water sample is stored for one month at 4°C to
allow reanalysis should there be any question of the results. 4

TY oy
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i 28 ANALYSIS OF SEMI-VOLATILE COMPOUNDS
el Ay IN POTABLE AND NON-POTABLE WATER

BY CLOSED-LOOP STRIPPING AND GAS
CHROMATOGRAPHY MASS SPECTROMETRY

2

o

%ﬁ DEFINITION

B The analysis of semi-volatile organics consists of two parts: stripping and

concentration of the organics by the closed-loop stripping technique and sub-

o sequent analysis by GC/MS. Over 50 semi-volatile organics are determined over a

Y concentration range of approximately 0.1 to 1000 ng/L. Actual detection limits

ey are dependent on the daily performance of the closed-loop stripping apparatus and

B the GC/MS system.

- APPARATUS

;: A closed-loop st ipping apparatus fashioned after that of Grob (J. Chromoto-

o graphy 84:255 (1973)) was built in the lab workshop. The extracts from this device

i are injected into a Finnigan 4021 GC/MS.

A REAGENTS

4

"l A. Organic-free water is generated by passing deionized distilled water through

; a stainless steel ultraviolet reaction vessel at the rate of 2 liters per half

g ) hour. The water is collected in a 2 liter amber bottle and tightly sealed.
é B. Solvents: Acetone - JT Baker Resi-Analyzed; Methylene Chloride - JT

'g Baker Resi~-Analyzed; Carbon Disulfide -~ Aldrich Gold Label 99+ percent.

N C. Sodium sulfate, sodium thiosulfate and other reagents — ACS reagent grade.

L™

D. Standards: 95+ percent purity
STANDARD PREPARATION

A. Stock standard solutions

VT A

1. Fill a 50 ml, glass stoppered volumetric flask with approximately 49 ml
of methylene chloride. Let stand for a few minutes until weight is

;\ constant. Stopper the flask and weigh to +0.1 mg.

, 2. Add 3-4 drops as required of the standard to the flask with a syringe or

‘} Pasteur pipette and reweigh. Note: The drops of the standard organic

: material should fall directly into the solvent without contacting the
flask neck.

%\ 3. Dilute to volume with methylene chloride, stopper tightly and mix by

inverting the flask one to two times.

Yy " Y % TR - . P R
NN '*m 2ot gl A‘ACBILJ;.J FA s
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4. Transfer aliquots of the solution into 2 ml ampules and seal. Transfer
Pots other aliquots to amber vials with teflon seals for immediate use.
Calculate the concentration in mg/ml from the net gain in weight.

N
SN B. Internal Standards
BN
D 1. The internal standards, l-bromohexane and 1l-chlorodecane, are
) prepared in methylene chloride by the same procedure.
N SAMPLE CONCENTRATION
5
N A. 500 ml of the sample is poured into a clean 500 ml volumetric flask. The
£ sample is spiked with internal standard to produce a concentration of
by 100 ng/L.
Ay B. The sample is poured into the CLS vessel and 20 gm sodium sulfate is added.
£33
:21 C. A freshly cleaned carbon trap is inserted into its holder.
o
A%
-': D. The system is closed and the sample purged for one hour at 60°C with
stirring.
f !
b E. The carbon trap is removed and extracted twice with 10|l carbon disulfide.
ézj Sixteen | are recovered and stoe to two times.
4 1 F. The CLS vessel is thoroughly rinsed with clean water (and methanol if —a
required) before the next run. ;
;;’ ANALYSIS
\ The CLS extracts are analyzed with the following gas chromatograph and mass
A ! spectrometer conditions:
N GC/MS SYSTEM
?-'
B A. Gas chromotograph conditions
&,
v
Ry 1. Column: 0.25 mm x 15 M fused silica open
tubular (FSOT) column coated with
: DB-5 (J & W Scientific)
e
g E:ﬁ’ 2.  Column head pressure: 8 psi
-t
A
‘ p 3. Injector temperature: 2500C
4. Carrier gas: helium
,? : 5. Column temperature program: Column oven door open for one
*fj minute then hold temperature at
g 500C for one minute and program
_ from 50°C to 95°C to 280°C at
o o
:‘:? -
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69/minute. The temperature is held
at 280°C for the remainder of the

run
Mass spectrometer conditions

1. Separator oven: 2900C

2. Transfer line: 2900C

3. Mode: electron impact direct
4. Emission current: 0.5 milliamps

5. Electron energy: 70 eV

6.  Electron multiplier: 1200-1800 volts

7. Dynodes: 3000 volts

8. Ion source temperature: 2500C

M/E 34-450 in 0.95 seconds with a
0.05 second hold at the bottom

9. Data system scan:

2 |l of extract are injected into the column and 3700 scans acquired.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A.

B.

E.

The GC/MS is tuned to meet 4-Bromofluorobenzene specifications as
detailed in the Quality Control Manual.

A laboratory water blank is analyzed to check for artifacts from the GC/MS
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

Field banks are analyzed on a routine basis as a part of the quality assurance
program.

A standard containing all 50 semi~volatile organic compounds is analyzed
and proper instrument sensitivity and stability are determined by
comparison of performance with earlier calibration curves stored in the
quantitation software. Significant deviation from previous quantitation
curves requires running a complete new set of calibration standards.

The precision and accuracy of the technique is determined by running
10 percent of the samples in duplicate or spiked with standards.
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After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.

The final report is submitted to the chief organic chemist for final review.
As a final check, the values reported are compared to the typical concentra~
tion range expected for the particular water supply.

The worksheets, chromatograms, quantitation reports, etc. are filed accord~
ing to client by the lab clerk. The final report is duplicated and placed in
the organics file report binder, also according to client.

The final report is sent out.

The remaining portion of the water sample is stored for one month at 4°C to
allow reanalysis should there be any question of the results.

A-1-76
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ANALYSIS OF VOLATILE POLAR ORGANICS IN POTABLE AND

o
NG NON-POTABLE WATER BY STEAM DISTILLATION AND GC/MS H
2 DEFINITION

i‘ The analysis of Volatile Polar Organics covers the determination of a number of ;
-, organic compounds that can be steam distilled and are amenable to gas
B chromatography/mass spectrometry. Numerous compounds are determined over a
concentration range of approximately 0.1 to 1001g/L. Precision and accuracy

‘;j data has been developed for eight specific compounds. Detection limits are
~f.' dependent on the daily performance of the GC/MS system.
2;'? APPARATUS

Finnigan Series 4000 Gas Chromatograph Mass Spectrometer interfaced to

RSP STY S SR T

- :: Tekmar LSC-2 Sample Concentrator. The Finnigan 4021 GC/MS is a high
\, performance low resolution quadrupole mass spectrometer equipped with dynode ]
P conversion prior to the electron multiplier for high sensitivity. The Tekmar ]
<) LSC-2 concentrator is an automated purge and trap device which is interfaced to 3
the gas chromatograph of the GC/MS via a heated stainless steel transfer line. '
The distillation equipment consist of a two liter round bottom flask, 300 mm
¢ Vigreaux distallation column, West condenser, vacuum adapter and 15 ml pear ]
A shaped receiver. '
§§ = REAGENTS ]
A @ A. Organic-free water is generated by = ::sing deionized distilled water through
- a stainless steel ultra-violet reaction chamber at 2 liters per half hour. This '
" water is collected in a 2 liter amber bottle and tightly sealed.
N
. B. Sodium Sulfate - ACS reagent grade.
& C. Standards - ACS grade, 95+ percent purity where possible.
X
£ STANDARD PREPARATION
v Stock standard solutions are prepared at a concentration of 1yugAl. These
- standards are prepared by dissolving the appropriate quantity of assayed reference
material into purified deionized water and diluting to volume in a 50 ml ground-
" glass stoppered volumetric flask. This primary stock solution is transferred to
‘°" 2 ml amber ampules and/or amber glass teflono-sealed vials and stored at -20°C
o until use.
~ DISTILLATION
i] A. Pour sample into a one liter graduated cylinder and transfer the contents to
: a two liter round bottom flask.
.
“ B. Add 40 grams sodium sulfate to the sampie flask.

- A-1-77
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-
4
&

:'x C. Slowly begin distilling the sample. Distillation should take approximately _~f::_:_‘,
s one hour. te
s D. Collect distillate in the 10 ml receiving flask which has been cooled in an

o ice bath to reduce the loss of the volatile compounds.
3:; E. Stop distillation when 4 mls have been collected. Allow apparatus to cool

W for 5 minutes. Final volume should be between 5 - 10 mls.

et F. Transfer distillate to 10 ml amber glass vial with TFE seal. Store at 4°C

- until analysis.
o ANALYSIS

A. One gram of sodium sulfate is added to the sample in the 10 ml amber glass

\E

:'}', B. Rinse the 5 ml gas-tight syringe and the 5 ml sparger on the Tekmar

::§ concentrator with laboratory blank water.

'_ C. After the sodium sulfate has dissolved, pour the sample into the gas-tight
BN syringe very gently and replace the plunger to bring the volume to exactly 5

2. ml.

o

;: D. Inject into Tekmar LSC-2 and analyze as a VOA sample.

) P,
o

-

“
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SRR ANALYSIS OF ORGANIC ANIONS IN POTABLE AND
A, NON-POTABLE WATER BY ION EXCHANGE AND GC/MS
*
2 DEFINITION

The analysis of organic anions in water covers the determination of five
compounds which can be adsorbed to an ion exchange resin and detectable by gas
chromatography/mass spectrometry (GC/MS). The compounds are detectable over
a concentration range of approximately 50 - 100 yg/L. The actual detection limits
are dependent on the daily performance of the GC/MS system.

“3‘}'.‘1

ey B

APPARATUS

The project's Finnigan 4021 gas chromatograph mass spectrometer is a high
performance, low resolution, quadrapole mass spectrometer equipped with dynode

::f conversion for high sensitivity.
- REAGENTS

A. AG1-X8 (50-100 mesh) ion exchange resin (Biorad Laboratories, Richmond,
CA) in chloride form.

8 A A

B. Distilled-deionized water

9 C. Geseous HCI in lecture bottle - Electronics grade
¥ D. Methanol, diethyl ether, ethanol (J.T. Baker Pesticide grade)
e E. Sodium Hydroxide, Potassium Hydroxide, phenolphthalein (A.C.S. reagent
S: grade)
F. Diazold (N-methyl-N-nitroso-p-toluenesulfonamide) (Aldrich Chemical
Company)

G. Standards - ACS Grade, 95 percent + purity
STANDARD PREPARATION

Stock standard solutions are prepared at a concentration of 1 ug/ml. These
standards are prepared by dissolving the appropriate quantity of assayed reference
N material into a pesticide-quality solvent (appropriate), and diluting to volume in a

. 50 ml ground-glass stoppered volumetric flask. This primary stock solution is
transferred to 2 ml amber ampules and/or amber glass teflon-sealed vials and
stored at ~20°C until used.

SAMPLE PREPARATION
3
5 A, Preparation of the HCl:Methanol solution: The HCl:methanol solution is
¥ prepared in large batches and stored in the refrigerator up to 2 weeks before
" use. Gaseous HCI is bubbled through the methanol for approximately 15
W%
5

-2
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minutes. The HCI] concentration of the methanol solution is determined by
adding 1 ml of the methanol solution to 20 ml of water, and titrating to the
phenolphthalein endpoint with 1IN KOH. A normality from 0.9 to 1.1 is
acceptable for the analytical operation.

Preparation of ethereal alcoholic solutions of diazomethane: Ethanol (25
ml) is added to a solution of potassium hydroxide (5 g) in water (8 ml) in a
100-m1 distilling flask fitted with dropping funnel and an efficient condenser
set downward for distillation. The condenser is connected to a cooled (°C)
receiving flak. The flask containing the alkali solution is heated in water
bath to 650C, and a solution of Diazald (21.5 g) in about 200 ml of ether is
added through the dropping funnel in about 25 min. When the dropping
funnel is empty, another 40 ml of ether is added slowly and the distillation is
continued until the distilling ether is colorless. The ethereal distillate
contains about 3 g of diazomethane.

Preparation of resin material: Biorad AG1-X8 resin is extracted with
methanol in a Soxhlet apparatus overnight. The resin is placed in a column
and rinsed with 10 bed volumes of water, 20 bed volume of IN NaOH, and 2
bed volumes of IN formic acid. The resin is then rinsed with water until the
eluent water is at pH 5 to 6. Resin which is not used immediately may be
stored wet sealed in glass jars.

Sample Concentration:

1. Glass chromatograph columns, 10.5 mm i.d. x 25 cm, equipped with
250 ml reservoir and teflon stopcock were used.

2. Prepare ion-exchange column by placing a small glass wool plug in the
bottom of the chromatography column. Pipette 10 ml (measure
volume after resin has settled) of cleaned Biorad AG1-X8 resin into
the columns, allow the resin to settle, and rinse the column with
approximately 10 ml of water.

3. Prior to analysis, samples should stand undisturbed for 4 hours or
overnight to allow particulates to settle.

4. One liter of water sample is allowed to drain through the resin bed.
Using the stopcock at the base of the column, adjust flow to 2.5
ml/min.

5. Rinse the resin with 25 ml water. Allow the water to drain out of the
resin bed, aspirate off remaining water from the bottom of the resin
column.

6. Elute acids from the column using 100 ml of IN HCl:methanol. Collect
the eluate in a 200 ml round bottom flask. Elute at approximately 5
ml/min.

7. Remove all of the eluent using rotary evaporation at 30°C. Resuspend
the sample residue in 3 ml of methanol and transfer to a 15 ml test
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tube. Rinse the flask with two 2 ml portions of methanol and transfer
to the test tube.

8. Evaporate the solvent to dryness using nitrogen blowdown at 40°C,

v
Y

-}._;‘_ 9. Resuspend the sample in 0.2 ml of IN HCl:methanol solution. Sample
~-T may be stored at this point.

\I

A%

E. Derivatization:

"": 1. Add the diazomethane solution to the sample using a 1 ml disposable
"‘ pipette. Continue adding solution until a yellow color persists. Excess
2 diazomethane is evaporated off using nitrogen blowdown. If excess

o diazomethane has been prepared it should be quenched with a formic
acid solution before discarding.

; 2. Concentrate the derivatized sample to 1 ml in the test tube using
;:;;i' nitrogen blowdown at 409C in a well-ventilated hood.
1,5 i‘
AL GC/MS SYSTEM
b ¢ A. Gas chromatograph conditions
Sy
=_ 1. Column: 0.25 mm x 15 M fused silica open
bt tubular (FSOT) column coated with
@ DB-5 (J&W Scientific).
. 2. Column head pressure: 10 psi
1‘-‘.‘-4
Y
"".:..: 3. On-column injector temperature: 250°C
AW
~“ 4. Carrier gas: helium
. 5. Column temperature program: 1 minute at 809C then program to
) 2759C at 10°C/min. The tempera-
N ture is held at 275°C to the end of
, ‘ the run.
- B. Mass spectrometer conditions
"
::‘.j 1. Separator oven: 2500C
4
X 2.  Transfer line: 2500C
~
= 3. Mode: electron impact direct
B
“' 4. Emission current: 0.5 milliamps
b,
,_;: 5. Electron energy: 70 eV
- 6. Electron multiplier: 1200 - 1800 volts
W e
s::i RSN
Q:d e
(o
00x
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7. Dynodes: 3000 Volts
8. Ion source temperature: 3000C

9. Data system scan: M/E 34-450 in 0.95 seconds with a

0.05 second hold at the bottom.

C. A 10 sample syringe is thoroughly cleaned with methylene chloride.

D. Two il of the anionic methylated extract are loaded into the syringe.

E. The sample is injected into the GC/MS and 2000 scans are acquired.

CALCULATION

A. At the end of the GC/MS run the data are submitted to analysis by the
Finnigan reverse search software.

B. Identifications and quantification values generated by the automated soft-

ware are manually checked by the mass spectroscopist for validity.

QUALITY ASSURANCE

Quality assurance is maintained by the following analytical routine:

A.

B.

E.

The GC/MS is tuned to meet DFTPP specifications as detailed in the Quality
Control Manual.

A laboratory water blank is analyzed to check for artifacts from the GC/MS
system for the presence of impurities in the water blank making it
unsuitable for standard preparation.

Field blanks are analyzed on a routine basis as a part of the quality
assurance program.

Standards containing all the extractable organic compounds are analyzed
and proper instrument sensitivity and stability are determined by compari-
son of performance with earlier calibration curves. Significant deviation

from previous quantitation curves requires running a complete new set of
calibration standards.

The precision and accuracy of the technique is determined by running 10
percent of the samples either in duplicate, or with a standard spike addition.

After manual review of the data generated by the Finnigan software, the
mass spectroscopist submits a report to be typed by the lab clerk. The lab
clerk proofs the report for accuracy after it is typed.

The mass spectroscopist proofreads the report and signs it on the bottom
when satisfied that the results reported are valid.
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T, H. The final report is submitted to the senior organic chemist for final review.
RO As a final check, the values reported are compared to the typical concentra-

tion range expected for the particular water supply.

L The worksheets, chromatograms, quantitation reports, etc., are filed
according to client by the analyst. The final report is duplicated and placed
in the organics filcs, also according to client.

J. The final report is sent out.

K. The remaining portion of the water sample is stored for one month at 4°C to
allow re-analysis should there be any question of the results.
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ANALYSIS OF ORGANIC CATIONS IN POTABLE AND
NON-POTABLE WATER BY ION EXCHANGE AND HPLC

DEFINITION

The analysis of organic cations in water covers the determination of eight
compounds which can be isolated from water on an ion exchange resin and
detected by High Performance Liquid Chromatography (HPLC). The compounds
are detectable over a concentration range of approximately 1 to 1000 yg/L. The
actual detection limits are dependent on the daily performance of the HPLC
system.

APPARATUS

A Varian Model 54 High Performance Liquid Chromatograph is utilized for this
analysis. The HPLC is equipped with two optical (UV/VIS) and one fluorescence
spectrophotometric detectors. A reversed-phase MicroPak MCH-5 chromato-
graphic column is employed to separate the components in the sample.
REAGENTS

A. Sepralyte C-18 (40ym) bonded phase silica-based resin (Analytichem Interna-
tional, Harbor, CA).

B. Distilled/deionized water.
C. Methanol (J.T. Baker Pesticide grade).

D. Solvents for HPLC analysis: acetonitrile, methanol, and water (J.T. Baker
HPLC grade).

E. Potassium phosphate monobasic, phosphoric acid, sodium 1-heptanesulfonate
(ACS reagent grade).

F. Standard chemicals, 95+ percent purity.
STANDARD PREPARATION

A stock standard solutions (2 1g/ml) of each of the following organic cations is
prepared in methanol (pesticide grade) solvent:

Benzidine Quinoline

Pyridine 5-Chloroindole

Indole 3,3'-Dichlorobenzidine

3-Chloropyridine 4~-Chloroquinoline
A-1-84
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': These standards are prepared by dissolving the appropriate quantity of assayed

ey reference material into methanol and diluting to volume in a 50 ml ground-glass
stoppered volumetric flask. This primary stock solution is transferred to 2 ml
amber ampules and/or amber glass teflon-sealed vials and stored at -20°C until
used.

Y 4,

SAMPLE PREPARATION

A. Glass chromatograph column, 10.5 mm i.d. x 25 cm, equipped with 250 ml
reservoir and teflon stopcock were used.

B. Prepare chromatograph column by placing a small glass wool plug in the
bottom of the column. Fill the column with pesticide grade methanol, then
add 0.75 g of Sepralyte C-18 resin into the column. Allow the resin to
settle.

rl.'_n)' '|' l" :: .".Il"' (NN

C. Rinse the resin with 50 ml distilled/deionized water, followed with 50 ml of
pesticide grade methanol, and finally with 50 ml of distilled/deionized j-
water.

D. Prior to analysis, samples should stand undisturbed for 4 hours or overnight
to allow particulates to settle.

E. One liter of water sample is allowed to drain through the resin bed. Using
the stopcock at the base of the column, adjust flow to 2.5 ml/min.

é F. Rinse the resin with 25 ml water. Allow the water to drain out of the resin
bed.

G. Elute organic cations from the column using 100 ml of pesticide grade
methanol. Collect the eluate in a 200 ml round bottom flask. Elute at
approximately 5 m)/min.

H. Concentrate the eluant solvent to 1 ml using rotary evaporation at 40°C.
Sample may be stored at this point.

HPLC SYSTEM
A. Mobile phase:
1. Mode = isocratic

2. Flow rate = 0.6 ml/min.

A-1-85
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3. Mobile phase composition:
35 percent-ion-pairing buffer solution (pH=3) : 0.005 M sodium I-
heptanesulfonate/0.05 M potassium phosphate monobasic/phosphoric
acid.
55 percent - Methanol

10 percent - Acetonitrile

B. Column: Varian MicroPak MCH-5 5 nm, 0.26 x 15 cm, HC-ODS Column (at
359C).

C. UV detectcs: max = 254 nm
D. Fluorescence detector: ex-220nm, em =530nm

E. Sample volume: 10 jl of the cationic concentrated eluant is injected for
HPLC analysis.

CALCULATION

A. At the end of the HPLC run, the data are submitted to analysis by the
Varian 401 data processor.

B. Identifications and quantification values generated by the automated soft-
ware are manually checked by the HPLC spectroscopist for validity.

£

QUALITY ASSURANCE
Quality assurance is maintained by the following analytical routine:
A. A laboratory water blank is analyzed to check for artifacts from the HPLC

system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

B. The precision of the technique is determined by running 10 percent of the
samples in duplicate.

&+ The accuracy of the technique is determined by spiking 10 percent of the
samples and determining recoveries.

D. The HPLC analyst proofreads the report and signs it on the bottom when
satisfied that the results reported are valid.

E. All worksheets, chromatograms, quantitation reports, and calibration curves
are organized and the final report and submitted to the senior organic
chemist for final review. As a final check, the values reported are
compared to the typical concentration range expected for the particular
water supply.
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The worksheets, chromatograms, quantitation reports, etc., are fixed
according to client by the analyst. The final report is duplicated and placed
in the organics files.

The final report is sent out.

The remaining portion of the water sample is stored for one month at 40C to
allow reanalysis should there be any question of the results.
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ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS IN
WATER BY HIGH PRESSURE LIQUID CHROMATOGRAPHY

DEFINITION

The analysis of polynuclear aromatic compounds (PNA) in water is conducted in
three stages: (1) extraction of the organic compounds from aqueous solution with
methylene chloride; (2) liquid chromatographic sample cleanup using silica gel for
fractionation of the PNA derivatives from aliphatic and phenolic species; and
(3) analysis of the sample extract by high performance liquid chromatography
(HPLC).

APPARATUS

The instrument utilized for the analysis of PNA species is the Varian Model 54
High Performance Liquid Chromatograph. The HPLC is equipped with two
absorbance ultraviolet (UV) and visible (VIS) detectors and one fluorescence
spectrophotometric detector. A reversed-phase Cig chromatographic column is
employed to separate the various polynuclear aromatic hydrocarbons for analysis.

REAGENTS

A. Solvents for liquid-liquid extraction (LLE) and LC clean-up preparation of
standards: acetonitrile, methylene chloride, pentane (pesticide grade).

B. Solvents for HPLC Analysis: acetonitrile, and water (J.T. Baker HPLC
grade).

C. Standard chemicals: 95+ percent purity
D. Sodium hydroxide, sulfuric acid (ACS reagent grade).
STANDARD PREPARATION

A. A stock solution (20 ppm) of each of the following PAH's is prepared in

acetonitrile:
Naphthalene Benzo(g,h,i)perylene
Fluorene Caffeine
2¢-Chloronaphthalene Phenanthrene
Coronene Chrysene
Anthracene Benzo(b)fluoranthene
Pyrene Benzo(k)fluoranthene
Benzo(a)pyrene Indo(1,2,3-c,d)pyrene
Benzo(a)anthracene Dibenz(a,h)anthracene
Fluoranthene 1,2,3,4-Dibenzanthracene

A sample of each reagent is weighed to +0.1 mg and placed in an amber
glass 100 ml volumetric flask. Sufficient acetonitrile is added in order to
ensure complete dissolution of each compound. The solution is then diluted
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j} to volume with acetonitrile. The flask is stoppered for storage at 4°C in the
[ dark. Under these conditions, the solution should remain stable for 90 days.

B. A dilute standard is prepared for calibration of the HPLC using the
concentrated stock solution. The final concentration is 10 ng/10 ml in

acetonitrile.
EXTRACTION
"N A. Pour 1L of sample into a graduated cylinder and transfer the contents into
N a 2 L separatory funnel.

B. Adjust the pH to 7 using concentrated sulfuric acid or sodium hydroxid. .,
Ry necessary. Use multi-range pH paper for measurements, using a Pas r
pipette to transfer a drop of sample to the paper.

'if C. Add 60 ml, pesticide-grade methylene chloride to the graudated cylindes
'""‘ rinse the walls. Transfer the solvent into the separatory funnel and ext. -
g the sample by shaking the funnel for two minutes with periodic venting o
release excess vapor pressure.
Ay D. Allow the organic layer to separate from the water phase for a minimum of
p2 10 minutes. If the emulsion interface between layers is more than one-third
Yy the size of the solvent layer, the analyst must employ mechanical techni-
o ques to complete the phase separation. The optimum technique depends
- 7 upon the sample but may include stirring, filtration of emulsion through
o glass wool or centrifugation.

2y
.:: y E. Add a second 60 ml volume of methylene chloride to the separatory funnel
N and complete the extraction procedure a second time combining the
.,‘ extracts in an erlenmeyer flask.

) F. Perform a third extraction in the same manner.
;‘.‘ G. The extracts are combined in a 250 ml round bottom flask. 1 gram of
Ng anhydrous magnesium sulfate is added.

4
o
H. After 15 minutes the sample is filtered through a Whatman qualitative ash-

free filter into a 500 ml Kuderna Danish (KD) flask equipped with a 10 ml

£ concentrator tube.
] |
o I.  The residual MgSO4 is washed with an additional 30 ml of methylene 1
~) chloride. This is also drained into the KD. :
= J. Add 1-2 clean Hengar boiling chips to the flask and attach a three-ball |
e macro-Snyder column. )
-\E K. Prewet the Snyder column by adding about 1 ml methylene chloride through
g the top.

i - "
4 »"L ..
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Specialized Analyses Protocols

Place the KD apparatus on a warm water bath 60-65°C so that the
concentrator tube is partially emersed in the water and the entire lower
rounded surface of the flask is bathed with water vapor. Adjust the
apparatus to a vertical position and the water temperature as required to
complete the concentration in 20 minutes. NOTE: At the proper rate of
distillation the balls of the column actively chatter but the chambers do not
flood.

When the volume has reached an apparent volume of 1 ml, remove the KD
apparatus and allow the solvent to drain for at least 10 minutes while
cooling.

Remove the Snyder column and rinse the flask and its lower joint into the
concentrator tube with 1-2 ml of methylene chloride. A Pasteur pipette
may be used for this operation.

Add a clean boiling chip and attach a two-ball micro-Snyder column to the
concentrator tube.

Prewet the column by adding about 0.5 ml methylene chloride to the top.

Place the KD apparatus in a Kontes heating block and set the temperature
so that the concentration is completed in 10 minutes.

When the liquid reaches an apparent volume of about 0.5 ml, remove the KD
from the Kontes heater and allow the solvent to drain and cool for at least
10 minutes. Remove the micro-Snyder column and rinse its lower joint into
the concentrator tube with approximately 0.2 ml of methylene chloride.

This is the concentrated PN A extract used below.

COLUMN CHROMATOGRAPHY CLEANUP

A.

E.

A silica gel L.C. column is prepared by slurry packing 10 grams of silica gel
(100-200 mesh) with methylene chloride into a 25 ml buret with teflon
stopcock. A plug of glass wool is placed at the bottom of the column in
order to prevent escape of the adsorbent during solvent elution.

The LC column is washed with 50 ml of pentane prior to use.

The concentrated sample extract is placed at the head of the column.
Solvent is drained from the column so that the top of the extract just enters
the column.

The compounds of interest are eluted from the column with 25 ml of
pentane followed by 40 ml of 40 percent (v/v) methylene chloride in
pentane.

The 40 percent (v/v) methylene chloride in pentane elutant is concentrated
to dryness under a stream of nitrogen at 40°C.
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.‘:1

N

AN F.  The residual is redissolved in 1 ml of acetonitrite and transferred to a seale

. O amber colored sample vial. The sample is stored at 4°C until analysis.
EN ANALYSIS

e

: Chromatograph conditions.

~
(-, A. Column: Perkin-Elmer 10u0.26 x 25 cm HC-ODS

- B. Solvent program: 40 percent acetonitrite in water for 5 minutes f;‘
N programmed from 40-100 percent acetonitrite in 25 minutes 4
;_f C. Solvent flow rate: 1.0 ml/min K
' D. Column temperature: 250C i
> ]
_"_: E. Detector wavelengths:

. UV #1: 254 nm

- Uv #2: 300 nm

Fluorescence:  Excitation: 220 nm

Emission: 530 nm

N

3 F. Peaks are identified based on their retention time and on the comparison of

the adsorbance at 254 nm and the fluorescence/absorbance at 254 nm ratios.

é CALCULATION

¥ A. The recovery for each PNA in the water sample is determined by spiking

- previously extracted water samples with the standard stock solution of

’ PNA's at a concentration of 5 pyg/L each. The average recovery for each

' J PNA is used as a correction factor.

3 B. The quantitation of the PNA's is calculated by comparing the peak area of

. the water sample to the standard and using the correction factor.

:', C. Analytical standards are injected each day to update the response factor.

QUALITY ASSURANCE
- Quality assurance is maintained by the following analytical routine:

. .
CREAR]
R A

A. A laboratory water blank is analyzed to check for artifacts from the HPLC
system and/or for the presence of impurities in the water blank making it
unsuitable for standard preparation.

1§

B. The precision of the technique is determined by running 10 percent of the
samples in duplicate.

C. The accuracy of the technique is determined by spiking 10 percent of the
- samples and determining recoveries.

H
1
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The HPLC analyst proofreads the report and signs it on the bottom when
satisfied that the results reported are val °.

The final report is submitted to the senior organic chemist for final review.
As a final check, the values reported are compared to the typical concentra-
tion range expected for the particular water supply.

The worksheets, chromatograms, quantitation reports, etc. are fixed accord-
ing to client by the lab clerk. The final report is duplicated and placed in
the organics files, also according to client.

The final report is sent out.

The remaining portion of the water sample is stored for one month at 4°C to
allow reanalysis should there be any question of the results.

A-1-92
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Specialized Analyses Protocols

ANALYSIS OF DIHALOACETONITRILES
IN POTABLE AND NON-POTABLE WATER
BY LIQUID-LIQUID EXTRACTION AND GAS CHROMATOGRAPHY

DEFINITION

The analysis of dihaloacetonitriles (DHAN's) consists of two parts: concentration
by liquid-liquid extraction and analysis by gas chromatography (GC). The three
dihalocetonitriles included in this are: dichloroacetonitrile (DCAN), chlorobromo-
acetonitrile (CBAN), and dibromoacetonitrile (DBAN).

APPARATUS

The Varian 6000 gas chromatograph is a modular, dual column, dual detection
instrument capable of isothermal or temperature programmed operation with
packed or capillary columns and a variety of detectors.

REAGENTS

A. Organic-free water is generated by passing deionized distilled water through
a Barnstead Organicpure unit. This water is collected in a 20 liter bottle
and heated to 60°C overnight. Contaminant free nitrogen is bubbled through
the water at 50 ml/minute.

B. Methanol — ACS reagent grade
C. Pentane-Pesticide Grade
D. Standards:

1. Dichloroacetonitrile

2. Chlorobromoacetonitrile

3. Dibromoacetonitrile
4. 1,2-Dibromopropane (I.S.) - ACS grade

STANDARD PREPARATION
A. Stock standard solutions

1. Fill two 50 ml glass stoppered volumetric flasks with approximately
49 ml of methyl alcohol. Let stand for a few minutes.

2. Add 7.3 & of dichloroaceonitrile (10 mg) to one flask. Add 5.3 1l of
chlorobromoacetonitrile (10 mg), and 4.4 W of dibromoacetonitrile
(10 mg) to the second flask.

3. Dilute to volume with methanol, stopper tightly, and invert the flasks

three times. This produces stock standards at a concentration of 0.2

HeAd.
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NOTE: Stock standard is prepared on each day an analysis for dihalo-
acetonitriles is to be performed.

B. Internal standard preparation

1. Fill a 50 ml glass stoppered, volumetric flask with approximately
45 m] of methanol. Let stand for a few minutes. Stopper the flask
and weigh to +0.1 mg.

2. Add about 150 mg of standard to the flask immediately with syringe or
pasteur pipet and reweigh.

NOTE: The standard drops should fall directly into the alcohol without
contacting the flask neck.

3. Dilute to volume with methanol, stopper tightly and mix by inverting
the flask several times.

4. Transfer approximately 1.5 ml into 2 ml vials. Seal with a TFE septum
and screw cap, label and store the solution at 4°C. Calculate the
concentration in g per |l from the net gain in weight.

5. Determine the volume of concentrated standard in (4) needed to
prepare a 1.724 mg/L solution.

6. Rinse a one liter flask three times with small volumes of pentane. Fill
to volume with pentane, add the volume of concentrated internal
standard determined in (5), stopper tightly and mix by inverting the
flask two times.

&

EXTRACTION
A. Aqueous standard solutions for calibration

1. Three one liter and three 500 ml glass stoppered, volumetric flasks are
filled to volume with laboratory organic free water and stoppered
tightly.

2. Concentrations of 1, 2, and 5 yg/L of dichloroacetonitrile and concen-
trations of 10, 20, and 50 1g/L of chlorobromoacetonitrile and dibro-
moacetonitrile are prepared by injecting 5, 10, and 25 | respectively
of the dichloroacetonitrile stock standard and injecting 50, 100, and
250 u respectively of the chlorobromoacetonitrile and dibromoaceto-
nitrile stock standard into three one liter flasks.

3. Concentrations of 10, 20, and 50 yg/L of dichloroacetonitrile are
prepared by injection of 25, 50, and 125 1l respectively of the
dichloroacetonitrile stock standard into three 500 ml volumetric
flasks.
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Specialized Analyses Protocols

4. The injection of stock standard solution is made by inserting the
syringe needle well down into the bottom of the body of the flask,
while holding the flask at a forty-five degree angle.

5. After addition of the standards, each flask is stoppered and slowly
inverted three times to insure thorough mixing.

6. A 125 ml, amber, narrow-mouth bottle is filled with aqueous standards
in excess of overflowing and sealed with TFE septa and screw caps.
Invert the sealed bottles, tap and examine for the presence of bubbles.
If bubbles are present, open bottles, add a few drops of standard and
reseal.

B. Blank

1. The blank is the organic-free water used to prepare the standards.

2. Fill two labelled 125 ml, amber, narrow-mouth bottles with organic-
free water in excess of overflowing and seal with TFE teflon septa and
screw cap. Check for the bubbles as with standard and sample
preparation.

C. Extraction Procedure

NOTE: Prior to extracting any sample, test the extractant on the GC for
- > impurities.

1. Place each 125 ml amber bottle on a level surface. Remove the screw
cap and TFE septum.

2. Using a 5 m] pipet with polypropylene disposable tips, remove 15 mls
of sample from each bottle.

3. Add 30 grams of sodium sulfate to each bottle. .

4. Immediately add 5 ml of pentane-internal standard solution, recap, and
invert bottle.

5. Let the bottles stand inverted on a level surface until they are ready '
to be placed on the shaker. ‘

6. Shake the bottles on a gyrorotatory platform shaker for 20 minutes at
400 rpm, then place them on a level surface in the inverted position
until extract collection.

7. Collect the extract with a disposable pasteur pipet and transfer into
two 2 ml vials. Immediately seal the vials with a TFE septa, and .
screw caps. Label each vial.
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8. Put one labeled vial in the carousel of the auto sampler of the Varian
6000 gas chromatograph for analysis. Store the second vial at 4°C for
repeat analysis if required.

CHROMATOGRAPHIC ANALYSIS

The DHAN's are analyzed with the following instrument conditions:

Detector: Ni63 electron capture

Carrier gas: Ultrapure N @ 80 PSI

Injector Pressure: 12 PSI

Split flow: 30 mls/min

Makeup flow: 30 mls/min

Column flow: 1 ml/min

Injector temp.: 2200C

Detector temp.: 3500C

Column temp.: 40 degrees for three minutes, then tem-

perature programmed at the rate of 10
degrees per minute for two minutes,
then 60 degrees is maintained for five

minutes.
Autosampler injection volume: 2
Column type: Fused silica open tubular column 0.25

mm x 30 M coated with SE-54
CALCULATION

With the information developed from the standards and blanks develop a
calibration curve for each of the dihaloacetonitriles The calibration curve
plots DHAN concentration versus integrated area counts. Area counts are
normalized with the internal standard according to the following
calculation:

(100,000) X (DHAN Area Counts)

Normalized DHAN Area Counts = Internal Standard Area Counts

QUALITY ASSURANCE

Analytical quality is assured by the following daily routine:
A. Analyze extractant for impurities

B. Analyze blank water for impurities

C. Prepare and analyze standards in triplicate.

D. Develop calibration curves for each of the DHAN's based on the average of
the triplicate standards.

E. Test precision by analyzing each twentieth sample in duplicate. If standard
deviation is >10 percent, troubleshoot problems before continuing.

A-1-96




Sy A e R
o
- Specialized Analyses Protocols
~
N '
-~ 4
 wg! .
g Y F. Spike each twentieth sample with the DHAN's at between 1-20 ppb, check i
.'3 SO for accuracy. If accuracy is not <10 percent troubleshoot problems before i
» continuing.
N G. Load autosampler with samples and standards (approximately one standard
;: every five samples). ;
o .
e H. Prepare a written report of sample DHAN concentrations and have it typed ]
by the lab clerk. The lab clerk proofs the report for accuracy in typing. |
e The analyst signs the report on the bottom when satisfied that the results :
'::' reportad are valid. !
o d
'.
)7 L The final DHAN report is submitted to the chief organic chemist for final ]
41 review. This review includes a spotcheck of the chromatograms to ensure
proper resolution and quantification.
39 J. The worksheets, chromatograms, integrator values, and calibration curves
. are filed according to client by the lab clerk. The final report is duplicated
_‘;: and placed in the organic department's final report binder.
K. The final report is sent to the client.
%
v L. The duplicate DHAN extract is stored at 4°C for 30 days to allow reanalysis
T should there be any question of the results.
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SECTION 2

PRECISION AND ACCURACY RESULTS

INORGANICS

NON-METALS (PHYSICAL/AESTHETIC, ANIONS, NUTRIENTS AND MAJOR
CATIONS)

Two to five natural samples were analyzed in septuplet (7X) to determine
precision at different levels.

Accuracy was determined as percent recovery on spikes added to the samples at
different levels.

Detection limits are defined as three times the standard deviation of the lowest
concentration sample.

Key: b.S Average of replicates
SD Standard deviation
CV = Coefficient of variation
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E Precision and Accuracy Results
Y

o DISSOLVED OXYGEN (mg/L)

Sample
Replicate A B C D
J 1 2.5 5.7 7.7 11.8
2.4 5.7 7.8 11.9
2.4 5.8 7.8 12,0
2.5 5.8 7.8 11.8
2.4 5.8 7.8 12.0
2.4 5.7 7.7 11.9
2.4 5.8 7.8 12.0

~N O e W

% 2.4 5.8 7.8 11.9 -
: :,;1 SD 0.05 0.05 0.05 0.09
»2 cv 2.1 0.9 0.6 0.8

h DL = 0.15 mg/L
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N
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TURBIDITY (NTU)

3-5 Sample

N Replicate A B C
5.5 35 3.0
5.4 33 2.9
5.1 34 2.8
5.2 31 2.9
5.7 32 2.8
5.4 36 2.8
5.4 35 3.0

@ * 5.4 34 2.9

SD 0.2 1.8 0.09
cv 3.7 5.3 3.1

#
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i Precision and Accuracy Results
¥

TOTAL SUSPENDED SOLIDS (mg/L)

Sample

i Replicate A B
17 74
18 76
19 82
19 76
16 74
19 82
17 82

b T - T ¢ S - N ¥ I ¥}

‘\'i SD 1.2 3.8

'-.‘ CV 6.8 409

’.
e DL = 3.6 1
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i il M.
NP

0 .l N
)

&

ful oy e

COLOR (in color units)

Sample

Replicate A B
“y 1 35 40
35 45
25 40
30 35
25 45

~N Nk W oN
[C T, IS RS T I I N (o)
NoWNWwww ownlo

L4

™ 30 35
[ 30 45
S

C x 30 40-7 5.9 3-0
‘j SD 4.1 4.5 1.1 1.0
' cv 13.7 11.1 18.1 33.3

DL = 3.0 color units

.
b
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Precision and Accuracy Results

MBAS (mg/L LAS)

A A A_ e e,

(AW WPy N ALl

AT  f IR

Sample
Replicate 067 038A +.10 038A 106 A 106A + .15

1 .15 .21 .11 .075 .23
2 .15 .21 .09 .075 .23
3 .17 .21 .11 .075 .23
4 .13 .20 12 .09 .21
5 .12 .18 .09 .06 .25
6 .13 .20 .09 .09 .23
7 .14 .18 .10 .065 .21
x .141 .199 .101 .076 .227

.017 .013 .012 .011 .014

11.8 6.8 8.2 15 6.0
% Recovery

038A + 0.10 =99
106 A + 0.15 =100
DL = .033 mg/L
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Precision and Accuracy Results

Dl
'-\.
P
-, Cae
3 ‘f _.-‘J-
:::
o
- CHLORINE RESIDUAL (mg/L)
N
P
-
o Sample
L
< Replicate A B C D
1 0.25 0.50 1.1 5.2
v 2 0.25 0.50 1.0 5.1
'
':-: 3 0.27 0050 101 5-2
N 4 0.24 0.60 1.1 5.1
5 5 0.25 0.50 1.0 5.1
o
. 6 0.27 0.60 1.0 5.2 1
oo 7 0.26 0.50 1.0 5.2

@ b 0.26 0.53 1.0 5.2 l

: SD 0.01 0.05 0.05 0.05 1
i cv 3.9 9.4 4.8 1.0 ;
Known Conc. 0.25 0.50 1.0 5.0 I

~ % Recovery
= 104%

- 106% %
- 104% '
- 103% |
DL = 0.03 1
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i Precision and Accuracy Results
‘ TOTAL DISSOLVED SOLIDS (mg/L) —
Sample
Replicate A B C D
372 275 85 60
2 372 278 78 54
3 384 275 89 55
4 364 249 89 52
5 374 252 82 57
6 364 234 82 61
7 351 240 84 61
2 369 258 84 57
' SD 10.3 18.2 4.4 3.6
o+ cv 2.8 7.1 5.2 6.3
o )
F DL = 10.8 mg/L u
’ Sample
..,: Replicate E F G H
. 1 49 100 245 496
2 48 98 256 492
Q::'3 3 48 97 246 490
:c?
: % 48 98 249 493
Known Conc. 50 100 250 500
e % Recovery 96.0 98.0 99.6 98.6 |
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_ Precision and Accuracy Results
E.-}.-:
0%
N
- ::'.’:
A
P ELECTRICAL CONDUCTIVITY (umhos/cm)
'_'« Sample
Replicate A B C D E F
3.65 196 430 575 530 780
2 3.30 195 435 580 530 780
j::;:; 3 3.80 198 436 601 525 780
»:: 4 3.72 197 435 599 530 778
e 5 3.49 197 431 604 535 760
6 3.20 195 438 603 530 770
NN 7 3.55 198 432 660 530 760
L9AS
e
L x 3.53 197 434 594 530 773
) SD 0.22 1.27 2.91 12.74 2.89 9.29
- cv 6.2 0.7 0.7 2.2 0.5 1.2
:.:-; Known Conc. 528.3 770.6
% Recovery
NN E =100%
\J\
e F =100%
L
s DL = 0.66
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e Precision and Accuracy Results
:'.:‘,":Q
A - .
tj—’.; S
‘-{:: ;/.
FLAME Ca (mg/L)
Spike
Replicate 1) (2) (3) (4) (5) Sample
No Spike
Expected 5.3 4.3 8.3 13.3 23.3
1 4.9 4.2 8.0 13.1 24.4 3.3
2 4.9 4.1 8.4 13.7 24.2 3.3
3 4.9 4.1 7.8 12.8 24.6 3.2
4 4.9 4.1 8.0 12.9 23.5 3.4 Q
5 4.9 4.0 8.0 13.1 24.1 3.3 )
6 4.9 4.2 8.0 13.1 24.0 3.4
7 5.0 4.1 7.9 13.1 24.3 3.3
b4 4.9 4.1 8.0 13.1 24.2 3.3
SD .038 .069 .186 .285 .351
cv 0.77 1.68 2.33 2.18 1.45
Percent
Recovery 92 95 96 98 104
DL = 0.2
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Precision and Accuracy Results

»
e

FLAME Mg (mg/L)

Spike
Replicate )] 2 3)
Expected 1.9 2.9 3.4
1 1.8 2.7 3.3
2 1.8 2.7 3.2
3 1.7 2.7 3.2
@ 4 1.8 2.6 3.2
5 1.8 2.7 3.2
6 1.8 2.7 3.2
7 1.8 2.7 3.2
X 1.8 2.7 3.2
SD .038 .038 .038
cv 2,12 1.41 1.18
Percent
Recovery 95 93 94
DL = 0.1
EhAY
X
A-2-11

@)

5.9

5.7
5.7
5.7
5.6
5.7
5.6
5.8

5.7
0.069
1.21

97

10.9

10.6
10.7
10.6
10.6
10.6
10.8
10.7

10.7
0.079
0.74

98

Sample

No Spike

0.8
0.9
0.9
0.9
0.8
0.9
0.9

0.9

5.60
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Precision and Accuracy Results

FLAME K (mg/L)

Replicate Q1) (2) 3) 4) 5) Sample
., No Spike

o
- Expected 2.1 4.1 5.1 10.1 20.1

1.8 3.9 4.9 10.0 20.4 0.0
1.8 3.9 4.9 10.1 20.4 0.1
1.9 3.9 4.9 10.1 20.6 0.1
1.9 3.9 4.9 10.0 20.3 0.0 u
2.0 3.9 4.9 9.9 20.4 0.0
2.0 3.9 4.9 10.0 20.3 0.0
1.9 3.9 4.9 10.0 20.5 0.0

L I - T B S T N

7
s
i

1.9 3.9 4.9 10.0 20.4 0.1
sD .082 0.000 0.000 .069 .107
<., cv 4.30 0.00 0.00 0.69 0.52

Percent
Recovery 90 95 96 99 101

-

DL = 0.3

» 'l ..
ST

|

. 225

R

AN

s"'l

ho
vy

.....................
......
'''''''''''''''''

L X

.........
m At atate a"a"a's ..’ ot




Precision and Accuracy Results

FLAME Na (mg/L)

Peplicate

Expected . . . . 30.6

32.3 0.6
31.9 0.6
32.1 0.6
32.6 0.6
32.0 0.6
31.7 0.6
31.5 0.6

X . 32.0 0.6
SD 0.367 0.00
cv 1.15 0.00

Percent
Recovery 105




%
™

Ny

LA/

..........

Replicate

1
2
3
4
5
6
7

SD
cv

Precision and Accuracy Results

ALKALINITY (mg/L CaC03)

Sample !
156 A 257 315 156A +30 315 + 90
18.3 65 160 47.8 246 |
18.3 68.3 160 46.6 247.5 |
16.6 65 160 45.5 246 |
16.6 66.6 160 45.5 249 |
18.3  68.3 161.6 45.5 247.5
18.3  66.6 161.6 45.4 244.5 !
16.8 66.5 161.6 43.4 246 i
17.6 66.6  160.6 45.6 246.6
.87 1.3 .85 1.3 1.46
4.9 2.0 0.5 2.9 0.6
% Recovery
156A + 30 = 96%
315 + 90 = 99%
DL = 2.7 mg/L
A-2-14
AN e T T e e el
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Precision and Accuracy Results

BROMIDE (mg/L Br!

Sample

+.1 +1.0

Replicate 006-1 006-2 446 446-1 006-2 446-1

1 .050 .066 .091 .029 .162 1.02
2 .048 .065 .093 .026 .153 .995

3 .053 .065 .097 .026 .153 1.00
4 .048 .065 .093 .027 .159 .987
5 .048 .063 .096 .026 166 .983
G 6 .049 .064 .093 .027 .145 .982
7 .052 .065 .099 .028 .158 971

b .050 .065 .095 .027 .157 .991
SD .002 .001 .0028 .001 .007 .016

Ccv 4.1 1.4 3.0 4.3 4.4 1.6
% Recovery
446-1 + 1 ppm =97%
006-2 + 0.1 ppm =95%
DL = .003 mg/L
-:;'v
A-7-15
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, Precision and Accuracy Results
‘3.‘;
.
1."-\\.‘
AEAY
: ').'
5
nf
a0
CHLORIDE (mg/L Cl)
2 d__4 (0-50 ppm)
.,_5-_1
- ¢
20
X .. 9
N
Sample
s Replicate 315 156 154 242 156 +10 315 +20
2
B 1 26.0 4.0 1.30 30.0 14.5 44.75
2 26.1 3.8 1.30 29.0 14.5 44.5
o~ 3 26.0 3.8 1.28 32.0 14.8 45.0
Pty
::;: 4 26.5 3.8 1.26 29.0 14.0 46.09
520 5 26.5 4.0 1.21 30.5 14.0 45.01
o5 .-
' 6 26.5 3.9 1.24 30.3 14.0 44.5 Q
P 7 26.0 3.8 1.30  29.5 14.5 R
."'r::
AT
3 % 26.23 3.8 1.27  30.04 14.3 44.97
i SD .26 .095 .035 1.04 0.32 .59
. Ccv 0.98 2.4 2.7 3.4 2.27 1.31
:v_ \
i " % Recovery
156 + 10 = 104%
:.;;-. 315 + 20 = 97%
SN DL = 0.11 mg/L
2
nJ
ot
o
.o
B2
.
i
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cv

Precision and Accuracy Results

CN (ug/L CN)

Sample

+10 ug/L +60 ug/L

373A 373B 373B 373A
19.9 41.7 99.3 13.8
23.8 41.6 97.9 13.6
22.6 40.6 100.0 15.9
24.8 42.9 103.7 17.2
26.5 45.3 101.0 16.9
26.6 45.2 101.7 18.3
27.1 44.3 102.3 15.7
24.5 43,1 100.8 15.9

2.58 1.88 1.95 1.72
10.5 4.0 2.3 10.8

% Recovery

373A + 10 ppb = 94%
373B + 60 ppb = 98%
5 ug/L

DL =

373C

79.2
79.9
79.1
82.8
83.6
81.7
84.9

81.6
2.29
3.7

....................
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- Precision and Accuracy Results

-y
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AP
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Py
'
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FLUORIDE
(mg/L F)

Y

A
4
[N N Y

By "o vt

»
.
s

Sample
Replicate 369 + .8 342 342 +.2 341 369 Tap.

“ud AP,

A L0

1.60 .58 .80 .40 .80 .55
1.62 .62 .75 .38 .85 .52
1.70 .58 .76 .45 .80 .55
1.66 .62 .76 .38 .80 .56
1.7 .62 .80 .44 .82 .58
1.65 .50 .80 44 .80 .51
1.70 .60 .78 .36 .85 .55

{‘E;

2,7
o
~N O N W NN -

_ 1.66 .58 77 .40 .817 .545
AN SD .0409  .043 .022 .036 .023 .023
R cv 2.46 7.3 2.8 8.8 2.8 4.3

i

% Recovery
NN 369 + .8 =97%
o 342 +.2 =99%
N DL = .07 ppm
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Precision and Accuracy Results

g
A

»

o)
P s
S .
N O
3
e
S
¢
: IODIDE (ug/L)
3
A
\T.ﬂ‘
;:F' Sample
A A+ B+
g Replicate 75509 A_ .5ppb B 5 ppb
b 1 4 10 12 12 17
R 2 4 10 11 12 18
¥ 3 4 10 12 12 20
> A
e 4 4 10 12 12 19
‘::.- 5 5 10 14 -- 19

r

. % 4.2 10 12.2 12 18.6
;2‘ SD .45 0 1.1 0 1.1
L "' A

o cv 10 0 8.9 0 6.1

r % Recovery
o B + 5 ug/L = 109%
~ A+ 2.5 ug/L = 98%
o DL = 1.5 ug/L

= 3
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Precision and Accuracy Results

NO3 (mg/L N)

------

Sample
Replicate 209 156 208 249 249 + .5 243 243 +.3

1 «440 .743 1.52 -948 1.41 .083 .434
2 441 .747 1.50 .942 1.42 .083 .415
3 .430 737 1.54 .947 1.41 .093 .413
4 .440 .741 1.46 .945 1.43 .083 414
5 .453 .734 1.45 .938 1.41 .093 .375
6 458 .740 1.48 .944 1.45 .093 .375
7 .448 .755 1.47 .946 1.45 .093 .375
X 444 <742 1.48 944 1.42 .088 .400
sD .0093 .0069 .032 0.34 .018 .0053 .024
cv 2.1 0.93 2.2 0.36 1.27 6.0 6.1

% Recovery

249 + .5 =101

243 + .3 =97

DL = .015 mg/L N

-
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Precision and Accuracy Results

NS VA A

v ..
’
Bl

3
. AMMONIA (mg/L NH3) ﬂ
- R
"
tf- Sample
- Replicate 102+.1 103 103+.5 102 101

1 .252  1.002 1.48 .141 .116

2 .215 1,007 1.47 .150 .116

3 .253  1.014  1.50 .153 .115

4 262 1.007 1.49 .158 .125

5 .246  1.008 1.500  .141 .125

6 .252  1.009 1.516  .158 .120

n 7 .232  1.004 1.47 125

% 244 1.007 1.49 .150 .120

SD .0159  .0038  1.57 .0077 .0046

cv 6.5 0.37 1.05  5.14 3.8

% Recovery
103 + .5 =99%

102 +.1 =98%
DL = 0.014 mg/L
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Precision and Accuracy Results

N
r 2
P S

re
A AT
P N

R TOTAL KJELDAHL NITROGEN (mg/L - N)
>
*
:\:f.' Sample
N Replicate 193 193+ 194 4 4+.2
3 1 543 1.69 1.72 .267 .520 :
~, 4
N 2 591 1.72 1.73 .458 .516 i
1
N 3 617 1.81 1.75 .321 .542
. 4 634  1.89 1.85 .449 .660
5 697 1,77 1.83 .414 .559 :
LT 6 701 2.57 1.80 424 .645 g
= 7 .594  1.68 1.84 .360 611 a4
wd |
. 3
3 % 625 1,76 1.78 .384 .579 ;
" SD .0577  .080 .054  .071 .059 ’
o cv 9.2 4.5 3.0 18.5 10.2 |
U:' 1
.:..: % Recovery
’ 193 + 1 = 108%
4 +.2 =99%
,_dq DL =.21 mg/L
AS

[t}
S
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Precision and Accuracy Results

PHOSPHATE (mg/L P)

Sample

Replicate 395 396 396A 396A +.1 395A 395 +.3
1 .451 .573 .124 .0509 .7407
2 .482 .555 .0635 .141 .0549 .7479
3 .434 .543 .0604 .138 .0587 .750
4 .478 .527 .0611 . 145 . 0407 .722
5 .495 .553 .0617 .154 .0546 .7885
6 .483 .589 .0550 .161 .0553 .7240
7 .491 .609 .0664 .148 .0557 .7456
b3 .473 .564 .0614 .144 .0529 .745
SD .022 .028 .0036 .0119 .0058 .021
Ccv 4.7 4.9 5.8 8.2 11.0 2.9

% Recovery

395 + 0.3 ppm =96%
396A + .1 ppm = 89%
DL = 0.011 mg/L
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i Precision and Accuracy Results

2 SILICA (mg/L SiO3)

: Sample

3 75723 75728

p Replicate 75723 +3.6 ppm 75728 +.6 ppm 75447

1

5 1 6.3 9.3 4.0 4.6 8.1

' 2 6.2 9.3 3.9 4.4 8.1

" 3 6.3 9.3 3.9 4.6 8.1

< 4 5.9 9.4 3.8 4.6 7.9

j 5 5.9 9.4 3.9 4.3 8.0
<

. 2 6.1 9.3 3.9 4.5 8.0

7 SD 0.2 0.05 0.07  0.14 0.09

- cv 3.3 .5 1.8 3.1 1.1

G

» % Recovery

o3 75723 + 3.6 = 96%

ﬁ 75728 + .6 = 100%

I DL = 0.2mg/L

b-




Precision and Accuracy Results

NN

o L% N

’ otV

SRR

‘{‘:},

3

S

%) SULFATE (mg/L SOg4)

sl

o~

e

2 Sample

s

el Replicate 322 312+10 227 322+20 311 312 200 313

e

N 1 23.0 22.6 28.5  39.6 15.1 12.9  38.2  40.6

2 2 23.8 22.6 29.6  39.8 15.2  13.3  37.8  39.3

oda 3 24.3 22.6 29.8  39.8 15.3 13.0  37.7  39.3

NS 4 25.0 24.4 29.2 39.5 15.1 13.0 38.1  39.5

£ 5 24.2 22.1 28.6  41.9 15.6 13.3  38.1  38.3
(]

2; 6 24.8 23.7 30.1  41.0 14.9 12.7 37.4  38.0
@ 7 24.8 31.4  39.8 14.5 12.8  37.7  37.0

'::

v % 24.3 23.0 29.6  40.2 15.1 13.0 37.9  38.9
LS

_':'-:':. SD ¢7 -8 09 09 03 02 12 1.1

Y cv 2.9 3.7 3.3 2.2 2.2 1.6 74 2.8

o

o

2N % Recovery

322 + 20 mg/L = 91%

) 312 + 10 mg/L = 100%

:::: DL = .6 mg/L

-.:,-

<

0
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Precision and Accuracy Results

ASBESTOS REPLICATES FROM SINGLE SAMPLE SITE

Replicate MFL* Mass (ug/L)
1 111.04 0.54
2 123.93 0.58
3 102.12 0.36
4 101.13 0.51
5 113.02 0.33
6 85.66 0.50
7 68.08 0.16 w“ln
W
Mean 100.71 0.42
SD 18.67 0.15
%SD 18.53 35.04

* Concentrations in millions of fibers/liter

oy
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Precision and Accuracy Results

ASBESTOS REPLICATE SAMPLE GRIDS
PREPARED FROM SINGLE FILTER

Replicate MFL* Mass (ug/L)

1 47 1.98
2 36 2.30
3 36 1.67
4 43 1.90
5 42 2.15
6 34 1.77
7 39 2.70
Mean 39.57 2.06
SD 4,64 0.35
%SD 11.74 17.00

* Concentrations in millions of fibers/liter

A-2-27
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Precision and Accuracy Results

METALS

A natural sample low in metals was spiked at five different concentrations and

the precision determined by septuplet analyses at each concentration level. All
values are in mg/L.

Accuracy is based on comparison of theoretical results with the average value
for each spiked concentration.

Detection limits are calculated as three times S.D. for the lowest concentration
sample. The practical detection limit is five to seven times lower for total
metals since the digestion method results in a concentration factor based on
digesting a volume of 100 cc to 15 cc final volume.
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Precision and Accuracy Results

FURNACE Ag

Spike
Replicate 20 ppb 10 ppb 5 ppb 2 ppb 1 ppb

1 18.7 9.5 4.8 2.0 0.9

2 20.3 9.3 4.8 2.1 1.0

3 20.3 9.3 4.9 1.9 1.4

4 20.9 9.3 4.7 2.6 1.0

5 20.4 9.3 4.8 1.9 1.0

6 19.1 9.0 4.9 2.1 0.7

7 17.4 9.0 4.8 2.1 0.8
0 b 19.6 9.2 4.8 2.1 0.97
SD 1.24 .18 .07 .24 .22
cv 6.3 2.0 1.4 11.3 22.8
(x-0) 19.5 9.1 4.7 2.0 .84

Percent Recovery 98 91 94 100 84

DL = 0.7 ppb

<, .‘..
\'::.o} 3

A-2-29
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0.1
0.2
0.0
0.2
0.0
0.4
0.0
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Precision and Accuracy Results

¢ LY o Th
l

by
N
b
X
- FLAME Ag (mg/L)
) Spike
= Replicate a )] 3) @) (5)
.‘
o Expected .010 .100 .500 2.000 .020
£
1 .013 .097 .489 1.994 .019
] 2 .011 .100 .489 1.989 .020
ﬁ 3 .011 .099 .489 1.990 .022
; 4 .008 .102 .504 1.975 .023
2 5 .012 .098 .503 1.995 .019 Q
53 6 .011 .101 .498 1.990 .020
.’;:j 7 .012 .101 498 1.998 .020
2 |
2
" b4 .0111 .0997 .4957 1.9901 .0204
% SD .0016 .0015 .0018  .0067 .0074
"'.: Percent
) Recovery 111 100 99 100 102
| DL = .005
N
AN
A
b
.;\.‘
-,
3
e
0 o
hJ .,
tﬂ ':-'_'.\"
N
w
L.
’ A-2-30
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Replicate

Expected
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b 4
SD
cv

Percent
Recovery

‘o S
v

&)

Precision and Accuracy Results

—
e
~—

.100

.096
.092
.098
.091
.108
.089
.090

.0949
.0066
7.0

95

ICP Al (mg/L)

Spike

@) )
.500 1.000
.512 1.046
.503 1.003
.486 .963
.487 .989
.482 -994
0469 0982
.491 1.008
+490 .998
.0140 .0258

2.9 2.6

98 100
DL =.020

A-2-31

@
2.000

2.003
1.986
1.972
1.982
1.993
1.989
2.005

1.990

.6

100

—~
®
~

.200

.196
.190
.184
.189
.201
.194
.191

.192
.0055

2.8

96
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Precision and Accuracy Results

fbnt A L A

FURNACE As (mg/L)

20 ul +20 ul Ni(NO3)2

Replicate 1) 2) 3) 4) (5)

Expected .005 .020 .050 .100 ,010
1 .0053 .0190 .0492 .1014 .0108
2 .0054 .0202 .0503 .1003 .0104
3 .0052 .0203 .0511 .0992 .0102
4 .0045 .0205 .0493 .1014 .0098
5 .0055 .0205 .0493 .1003 ,0105
6 .0048 .0201 .0490 .1012 .0101
7 .0053 .0197 .0481 .1009 .0102
p 4 .0051 .0200 .0495  .1007 .0103
SD .00036 .00054 .00096 .00080 .00032
cv 7.0 2.7 1.9 0.79 3.1

Percent

Recovery 102 100 99 101 103

DL =.0011
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Precision and Accuracy Results

o

e
L
o

ICP B (mg/L)

Spike
Replicate @ (2) 3) (4) (5)
Expected .020 .040 .080 .200 1.00
1 .014 .044 .089 .235 1.002
2 .036 .052 .092 .214 1.049
3 .022 .048 .081 .220 1.063
4 .016 .036 .072 .223 1.032
5 .029 .038 .083 .223 1.008
6 .018 .032 .090 .207 1.016
7 .034 .046 .080 .196 1.021
b3 .0241 .0421 .0839  .2169 1.027
sD .0088 .0071 .0070 .0126 .0222
Ccv 36.8 16.8 8.4 5.8 2.2
Percent
Recovery 121 105 105 108 103
DL =.021
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Precision and Accuracy Results

PALLAS
."1’-‘. “ .ﬁ‘ﬁ"ﬁ

1A

A

o s

(AL

ICP Ba (mg/L)

*-
- |
2 Sglke
‘ Replicate 4] (2) 3) 4) (5)
8
e Expected .010 .020 .040 .500 2.000
;
‘ 1 .008 .017 .045 .508 2.033
3 2 .015 .019 .042 .522 2.017
& 3 .016 .025 .046 .533 2.053
)
% 4 .013 .026 .048 .509 2.041
‘ 5 .009 .022 .041 .498 2.009
T 6 .006 .024 .036 .509 2.042
!
f\ 7 .008 .020 .039 .511 2.013
N
2
z .0107 .0218 .0424  .5129 2.030

. SD .0039 .0033 .0042 .0113 .0168
9 cv 36.4 15.3 9.9 2.2 .8
N Percent
X Recovery 107 109 106 103 102
o

* DL = .012
o

N

Q‘
2
M

A
o

: A-2-34
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Precision and Accuracy Results

= ICP Be (mg/L)

L4
—_
Pt
~—
—
o
~—
—
(23
~
—_—
[y
~—~

Replicate 1) (2)

Expected .050 .200 0.100 .020

.053 .233 .124 .022
.053 .222 .120 .020
.053 .228 .119 .021
.054 .234 121 .019
.053 .228 117 .022
.052 .231 .122 .022
.052 .241 .121 .021

LY
~N O G b W N e

4 .053 .231 .120 .021
Xt SD 0009 .0057 .0022  .0012
47 cv 1.7 2.5 1.9 5.6

X Percent
o St Recovery 106 116 120 105

.-‘:: DL = .004

3 ’.I

-
)

I‘ .

|' - " ’
S

APA

-

e 1554
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Precision and Accuracy Results
FURNACE Cd (mg/L)
Spike
Replicate [4}] 2) (3) 4) (5)
Expected .100 .050 .020 .010 .005
1 .106 .052 .021 .013 .006
2 .090 .052 .020 .012 .006
3 .095 .051 .020 .013 .006
4 .098 .054 .021 .013 .006
5 .108 .054 .022  .012 .005 t;..;
6 .097 .048 .018 .012 .006 -
7 .102 .053 .020 .012 .006
4 .099 .052 .020 .012 .006
SD .0063 .0021 .0013  .0005 .0004
cv 6.4 4.0 6.2 4.3 6.5
Percent
Recovery 99 104 100 120 120
DL =.0011
A-2-36
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Precision and Accuracy Results

\
1 s
o o
ICP Co (mg/L)

':.1

N

3‘ Spike

Replicate O (2) 3) 4 5)
" Expected .025 .2 .5 2.000 .050
1 .040 .204 .682  2.042 .060
._ 2 .028 .187 .643  1.976 .069
-;; 3 .037 .192 644 1.974 .065
3 4 .024 .180 .628  1.869 .064
' 0 5 .036 .215 643 1.910 .071
3 o 6 .016 .201 615 1.910 .053
o 7 .026 .178 622  1.915 .044
7
z .029 .194 640  1.942 .0609

N SD .0085 .0136 .0220 .0584 .0095
2 Ccv 29.0 7.0 3.4 3.0 15.6
..‘

e Percent

- Recovery 116 97 128 97 122
»

. DL = .026

o4

2

o

2

)
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Precision and Accuracy Results

.
._:‘_.

e o

-t

'~.'..

.;.- _‘.'_:
-‘ «* ..~‘ '4
- - i

FURNACE Co (ppb)

"
o Spike
s Replicate 20 ppb 10 ppb 5 ppb—R-— 2ppb 1 ppb _0
1 21.5 11.5 5.9 2.4 2.1 0.4
2 21.1 11.1 5.6 2.5 1.8 0.4
3 21.5 11.0 5.9 2.8 1.8 0.3
4 21.3 11.2 5.8 2.6 1.9 0.5
5 20.7 11.3 6.0 2.6 1.6 0.6
6 21.6 10.9 5.9 2.7 1.6 0.3
7 21.0 11.1 5.8 2.8 1.7 0.6 9
% 21.2 11.2 5.8 2.6 1.8 .44
SD 0.33 .20 127 .150 177 127
cv 1.5 1.8 2.2 5.7 9.9 28.7
(x-0) 20.8 10.8 5.4 2.2 1.4 0
Percent
Recovery 104 108 108 110 140
DL = 0.5 ppb




Replicate

Expected

NN R W N

X
SD
cv

Percent
Recovery

Precision and Accuracy Results

Spike
[¢)] @ @
.005 .010 .020
.005 .010 .021
.004 .010 .022
.005 .010 .021
.005 .010 .020
.005 .011 .021
.005 .010 .021
.005 .010 .019
.005 .010 .021
.00038 .00038 .00095
7.8 3.7 4.6
100 101 105
DL = .0011

FURNACE Cr (mg/L)

.050

.048
.047
.048
.050
.048
. 047
.049

. 048
.0011
2.2

96

.100

.100
.103
.100
.103
.102
.103
.101

.102
.0014
1.4

102
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Precision and Accuracy Results
2
ICP Cr (mg/L)
Spike

Replicate m () 3) 4) {5)
Expected .025 .200 .500 2.000 .050

1 .033 .239 .523 2.334 .037

2 .009 .203 .536 2.190 .025

3 .025 .189 .571  2.311 .027

4 .017 .194 548 2.362 .037 -

5 .023 .201 556 2.264 .042 @

6 .019 .236 571 2.125 .054

7 .017 .219 .543 2.150 .046

x .0204 .2116 .5497 2.2480 .0383

sD .0075 .0200 .0178 .0937 .0102
Percent
Recovery 82 106 110 112 77

DL =.023
A-2-40
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Precision and Accuracy Results

FLAME Cu (mg/L)

Spike
%) @) 3)
.010 .020 .100
.021 .029 .089
.018 .026 .100
.021 .032 .095
.019 .038 .106
.024 .029 .101
.017 .028 .096
.020 .030 .099
.0200 .0303 .0980
.0023 .00386 .0054
11.55 12.75 5.46
200 152 98
DL =.007

A-2-41

.500

.469
.468
.462
.458
.459
474
.461

.4644
.0060
1.29

93

IR ¥ 5 SRR R B L LR BT RN R AR

(&)

2.000

1.874
1.871
1.898
1.874
1.897
1.861
1.878

1.879
.0137
.13

94
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Precision and Accuracy Results
Yes
b
L
“:;‘3 A
¥%
o
%, ICP Cu (mg/L)
:x_: Spike
o Replicate 1) 2) 3) @ 5)
N3 Expected .050 .100 .200  .500 2.000
22
! 1 .050 .103 204 .489 1.975
3 2 .053 .103 197 487 1.982
W 3 .051 .105 198,496  1.972
A8
-;3313 4 .052 .103 .208  .508 1.984
5 .048 .104 .206 .491 1.996 .
v 6 .053 .102 .205  .493 1.984 -
‘o
2; 7 .052 .105 209 .489 1.979
L
£ .0513  ,104 204 .493 1.982
SD .0018  .0011 .0047  .0071 .0077
cv 3.5 1.1 2.3 1.4 0.4
Percent
o~ Recovery 103 104 102 99 99
LY
(] DL = 00054
o
o3
)
e
B o,
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Precision and Accuracy Results

%
¥
q i
v (3%

ICP Fe (mg/L)

AR (HXTAE A
2]

Replicate (1) @) 3) “) (5)
%
A Expected .025 .200 .500 4.000 .050
o
'
)
i 1 .018 .216 .515  4.001 .058
¢ 2 .025 .204 531 4.014 .042
B, 3 .027 212 499  4.011 .053
H
{’,; 4 .033 .201 .524  3.993 .043
' 9 5 .020 .196 .509 3.989 .050
% : 6 .029 .205 .514 3.998 .049
“é ? .027 212 .528  4.003 .052
: £ .0256 .2066 .5171 4.001 .0496
3 SD .0052 .0071 .0113  .0090 .0056
g Ccv 20.2 3.4 2.2 0.2 11.3
! Percent
iy Recovery 102 103 103 100 99
,'1‘ DL = .016
i~ )
i
e
5
A
(i
2
N ~
! \J_,'
N
s

A-2-43
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Precision and Accuracy Results

:_'-.

2

>

>
. Hg (ug/L Hg by Coleman Analyzer)

0

b

"N

Replicate Sample 1 140.5 ug/L  1+1.0 ug/L  1+2.0 ug/L Sample 2

A

1 1.12 1.70 2.45 ~ 3.50 .40

R 2 1.40 1.78 2.42 3.20 .18

o 3 1.25 1.69 2.20 3.25 .28
- 4 1.27 1.69 2.24 3.30 .29

% 6 1.22 1.76 2.23 3.15 .24

N 7 1.18 1.69 2.15 3.20 .24

; 8 1.19 1.89 2.30 3.30 .33

1.‘

N Ave 1.23 1.73 2.28 3.27 .28
’ SD .09 .05 11 .11 .07

% cv 7.2 2.7 4.9 3.5 25.0
: DL = 0.27 ug/L

' j % Recovery )

X Sample 1 + 1 = 102% 1

- Sample 1 +.5 = 100% ‘!

A L

3 1

2N {

P .

X «1 L

-

5{ ]
y 3
Al <

] i

»
s
—al
]
.
<L

A-2-44
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Precision and Accuracy Results

R
/‘ t .‘4
', LR

FLAME Li (mg/L)

Spike
Blank
Replicate 89} @ B) @ 5) 6)  Sample
Expected .015 .025 .055 .105 .505 1.005 .005
1 .014 .024 .055 .110 .509 1.020 .005
2 .014 .025 .055 .110 .509 1.023 .004
3 .016 .027 .054 .107 .513 1.014 .006
ﬁ 4 .014 .024 .058 .108 .516 1.014 .004
‘ 5 .014 .027 .057 .111 .511 1.022 .003
6 .015 .026 .057 .111 .509 1.017 .008
7 .014 .028 .058 111 512 1.014 .005
b4 .014 .026 .056 .110 .511 1.018 .005
SD .0008 .0016 .0016 .0016 .0026 .0039 .0016
CcvV 5.3 6.1 2.9 1.5 0.5 0.4 32.7 -
Percent q
Recovery 93 104 102 105 101 101 A
-J
]
DL = .002 :}
3
3
3
s ~
Tty ~
oh.
“
N
A
A-2-45 .
~
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Replicate 1)

Expected .015

1 .009
2 .011
3 .011
4 .010
5 .008
6 .011
7 .013
X .010
sD .0016
cv 15.7
Percent

Recovery 67

Al NAT

Precision and Accuracy Results

2)
.025

.022
.023
.022
.021
.021
.022
.021

.022

.0007

3.1

88

ICP Li (mg/L)

Spike
[£)] @
.055 .105
.055 .106
.053 .105
.054 .107
.054 .105
.054 .101
.054 .104
.053 .104
.054 .105
.0007 .0019
1.4 1.8
98 100
DL =.005

(5)

.505

.506
.514
.506
.513
.504
.490
.491

.503

1-9

100

Blank
Sample

.000

.001

.000

.000 é;
.001 .
.001

.000

.000
.0007
483.1




. Precision and Accuracy Results
hed
WL
. I
w7 BN

ICP Mn (mg/L)
3
2, Spike
N Replicate w @ @) @ (5)
‘t. Expected .010  0.100 0.500  2.000 0.020
N
-f::t
’ 1 .012 112 489  2.074 .018
S 2 .009 .108 496 2.062 .022
RN 3 -009 .105 492 2.068 .021
4 .008 .109 513 2.076 .017
¥ TN
X @ 5 .010 .098 .496 2.081 .021
\G 6 .013 .097 .508 2,071 .020
N
v 7 .008 .104 .521  2.080 .020
o
Ly
g .0099  .1047 .5021 2.073 .0199
20 SD .0020  ,0056 .0120  .0067 .0018
o cv 19.8 5.3 2.4 3.3 8.9
:"‘: Percent
Recovery 99 105 100 104 100
N = .006
w.:::
N
E__
i
2
b
A B Yy
" ‘l. ‘/)
}j
‘e
t

A-2-47
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i‘ Precision and Accuracy Results
~

W 4
'
D -
- r
X :
i 2
) )
- 1CP Mo (mg/L) i
: . ]
3 Spike R
Replicate {1) @) 3) @ {5) i
;- Expected .040 .100 .500  1.000 4.000 X
! K
1 .048 112 486 1.028  4.092 j
. 2 .042 .108 .522  1.074 4.067 i
3 3 046,114 512 1,039 4.014 8
4 .038 .110 .508 1.002 4.038 ‘
# 5 .041 .102 .510 1.036 4.072 -
- 6 .045 .108 .502 1.028 4.014
.; 7 .043 .096 .524  1.022 4.016
" % .043 .107 .509  1.033 4.045
; SD .0034  .0062 0128  .0218 .0322
A
3 cv 7.7 5.8 2.5 2.1 0.8
Percent
5 Recovery 108 107 102 103 101 :
X DL = .010 1
n 1
d" _i
N 4
~ q
: \
N
) X
" '
' 3
3 EE G
O <
Q) J
- by
" 3
‘ 4
. A-2-48 b
R .
0
e e
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.....................
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Precision and Accuracy Results

5

A ICP Ni (mg/L)

N\

)

: Spike

{ Replicate [¢}] @) 3) 4) 5)
) Expected .05 .10 20 .50 1.00
]

- 1 .056 .102 218 .542 1.089
§ 2 .053 .116 216 .506 1.067
3 3 .050  .108 202 .519 1.052
: 4 .053 .109 197  .524 1.062

ﬁ 5 .055 .100 .196  .536 1.029

: 6 .054 .096 224 .521 1.043
X 7 .058 .108 218 .518 1.038
¥ % .054 .1056 210 .524 1.054
: SD .0025  .G067 .0115  .0120 .0203
N cv 4.7 6.3 5.5 2.3 1.9

‘ Percent

! Recovery 108 106 105 105 105

DL = .008

LIRS gh,

N
9
9
R
1
:

»

1
h]
o+
¥
4]
R N
a5 S
. ;.'.) -
P j
4 .
. - Y
v - 4
A-2-49 w
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o Precision and Accuracy Results

W FURNACE Pb (mg/L)

Spike
Replicate [0} 2) 3) «) (5)

Expected .010 .020 .050 .100 .200

e earyr

R

3

.010 .020 .054 .095 .194

.010 .020 .050 .099 .191

.009 .019 .051 .110 .187

.009 .021 .052 .099 .208

.009 .021 .051 .096 .195 -
.009 .021 .048 .098 .200 w
.009 .021 .051 .104 .206

%

)

Nty Rty By 4 Y

2 N R P 3P S,

~N o N b W N =

o :bn-
2 SRR

b d .0093 .020 .051 .100 .197
SD .00049  .00079 .0018 .0052 .0077
cv 5.3 3.9 3.6 5.2 3.9

L Percent
- Recovery 93 100 102 100 99

b DL = .0015

(]
o
F O O W W

»

. S
E v Y

O
0

et |

LN

A-2-50

.. - . ‘-"-.-. : * _' L - ™.
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. Precision and Accuracy Results

Y

E

L
LT

g4
L FURNACE Sb (mg/L)
&
=3
: Spike
i) Replicate Q) @2) Q) C)) )
i;.:
L Expected .010 .020 .040  .100 .250
L
J 1 .013 .021 .039  .105 .252
R 2 .014 .021 .040  .103 244
» 3 .013 .021 .038  .103 .247
«\Z; 4 .014 .020 .040  .101 .251
W .
v ﬁ £ .013 .021 .040  .104 .250
% 6 .013 .021 .039  .107 .252
4 7 013 021 040  .103 .251
2
i % .013 .021 .039  .104 .250
o SD .00049  .00038  .00079 .00190  .0030
) cv 11.0 1.8 2.0 1.8 1.2
\|
i Percent
o Recovery 130 105 98 104 100
: DL = .0015
2
5
-
(L
"]
N
)
“w
10
; %t

*
| <
o
- A-2-51
!
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Precision and Accuracy Results

FURNACE Se (mg/L)
(20 ul + 20 ul Ni(NO3),)

Spike

Replicate a () 3) (&) {5)

Expected .005 .020 .050 .100 .010
1 .0052 .0217 .0525 .1019 .0104
2 .0049 .0210 .0514 .1009 .0107
3 .0053 .0210 .0530 .1035 .0103
4 . 0046 .0214 .0515 .1034 .0105
5 .0048 .0214 .0514 .1006 .0104
6 .0052 .0210 .0518 .0991 .0105
7 .0052 .0205 .0518 .0979 .0102
£ .0050 .0211 .0519 .1010 -0104
SD .00026 .00039 .00061 .0021 .00016
cv 5.2 1.8 1.2 2.1 1.5

Percent

Recovery 100 106 104 101 104

DL = .0008

A-2-52
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Precision and Accuracy Results

'- -
SN

SRR

04
[
AR

ICP Sn (mg/L)

Spike
Replicate a 2) (3) 4) (5)
Expected .100 .200 0.500 2.500 10.000
1 .092 .218 .489  2.527 10.389
2 .112 .223 .523  2.462 10.162
3 .104 .214 525 2,617 10.083
4 .108 .200 .524 2.549 10.042
@ 5 112 .214 .509  2.610 10.069
6 .109 .223 .518 2.503 10.003
7 .111 .203 520 2.496 10.096
g 1069 214 515  2.538 10.121
SD .0071 .0091 .0128 .058 .1280
cv 6.7 4.2 2.5 2.3 1.3
Percent
Recovery 107 107 103 102 101
DL = .021

................

------
--------------
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Precision and Accuracy Results

N
o~
<
:
: FURNACE Tl (mg/L)
.
£ Spike
Expected .01 .025 .05 .1 .2
1 .012 .024 .054  ,099 214
'- "-! 2 .014 .026 .053 .099 .216
k)
;g 3 .010 .028 .056 .097 .202
A 4 .010 .027 .052 .102 214
5 .011 .023 .052 .110 .198 6_‘5
K~ 6 .009 .025 .054  .104 .208
X 7 .009 .024  .054  .106 .204
;4
e
% .011 .025 .054  .102 .208
';& cv 16.8 7.1 2.6 4.5 3.33
.'}'-j Percent
Py Recovery 110 100 108 102 104
DL = .0054

J
..JA

| RN

b A
V)
a 1
,"

)

"

-
5

A-2-54
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Precision and Accuracy Results

Replicate 1

Expected .020
1 .016
2 .026
3 .014
4 .020
5 .024
6 .016
7 .014
b 4 .0186
SD .0049
cv 26.2

Percent

Recovery 93

ICP V (mg/L)

@ B @
.050 .100 .200
.049 .102 .204
.056 .110 .214
.043 .091 .219
.048 .095 .214
.042 .092 .208
.046 .094 .211
.049 .099 .196

.0476 0976  .2094

.0046 .0067 .0076
9.8 6.9 3.6
95 98 105
DL =.015
A-2-55

1.000

1.022
0.982
1.040
1.012
0.992
1.006
0.972

1.004
.0236
2.4

100

PPRCRTRS ¢

."‘A‘

¥

A SRR e



y Precision and Accuracy Results

e FLAME 2n (mg/L)

Replicate 1) ) 3) [ 5)

Expected .010 .020 .100 .50 2.000

AW
& PR A
- ’..A- -

Y

.032 .042 .102 477 1.913

.034 .038 .110 .491 1.935

.030 .041 .101 474 1.916

.034 .038 .111 .486 1.937

.030 .042 .101 .476 1.920 @
.036 .039 .111 .492 1.932 -
.032 .041 .105 .485 1.926

D
e

”

.
~N W N

-,
"’v

P30

.""‘5‘ Rt
%
o

x .0327 .0401 .1059  .483 1.926
SD .0024 .0018 .0047 .0073 .0095
cv 7.22 4.42 4.44 1.52 0.49

: Percent
— Recovery 127 200 106 97 96

g 24
-

7 DL =.007

A-2-56
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Precision and Accuracy Results

ICP Zn (mg/L)
Spike
Replicate a () 3) 4)
Expected .020 .050 .100  .500
1 .014 .048 .089 .475
2 .018 .053 .084 .494
3 .018 .059 .089 .490
4 .023 .046 .090 .502
. 5 .022 .046 .097 .494
9 6 .026 .049 .096 .501
7 .020 .051 .103 .499
x .0203 .0502 .093 .494
sD .0039 .0046 .0064 .0093
cv 19,53 9.16 6.91 1.9
Percent
Recovery 102 100 93 99
DL =.012
D
‘S
3
A-2-57

—
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2.000

1.897
2.000
1.860
1.864
1.890
1.862
1.874

1.892
.0495
2.6
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Precision and Accuracy Results

TRACE ORGANICS

Accuracy was determined as percent error on a spike added to a sample and
d of

analyzed in septuplet. Several different sample sources were utilized including
tap water, EEWTP blended influent and EEWTP finished water.

' Method detection limits were defined as three times the standard deviation
(precision).

3 ‘

]

s Method Key:

g

2 BN = Base-neutral extractables
CLS = Closed-loop stripping

; ACIDS = Acid extractables |
MAC = Methylated acid extractables
VOA = Volatile organics analysis

PEST/PCB = Pesticides and polychlorinated biphenyls
HERB = Herbicides
LLE = Liquid-liquid extraction (pentane)
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Precision and Accuracy Results

BENZO(K )FLUORANTHENE
Replicates BN (20 ppb)

1 20

2 18

3 20

4 20

5 27

6 24

7 19
Mean 21
Standard Deviation 3.2
Percent Standard 15
Deviation
Actual Value 20
Percent Error +5
3 Times S.D. 9.6

A-2-59
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- Precision and Accuracy Results '
2
3 S
L} - L
?

3
u
% BENZO(G,H,)PERYLENE
X
N
it
b Replicates BN (20 ppb)
1 11
b 2 15
£ 3 21
." 4 16 :
' :
‘ 5 12 S, i
sy
. 6 8 1
2 .
2 7 21 :
% ]
% Mean 15
A X)
.ﬁ Standard Deviation 5.0
g
- Percent Standard 33
, Deviation
:':' Actual Value 20
.
< Percent Error -25
N 3 Times S.D. 15
3
g
N
) q
- A-2-60
v
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Precision and Accuracy Results

DIBENZO(A,H, JANTHRACENE

Replicates BN (20 ppb)

1 21

2 15

3 21

4 18

5 22

6 15

7 20
Mean 19
Standard Deviation 2.9
Percent Standard 15
Deviation
Actual Value 20
Percent Error -5
3 Times S.D. 8.7
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Precision and Accuracy Results

N BENZO(A)PYRENE

- .
.
faltald

>
LIPS

Replicates BN (20 ppb)

TRy

hry
—t

21

ol
o~

" o " el L e
7 R n e A
~ [=4] (3] L) w N

26
19
29
22

()

18
18

2? Mean 2?
Standard Deviation 4.2

- Percent Standard 19
Deviation

z Actual Value 20
A Percent Error +10

3 Times S.D. 13

.
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g
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Replicates
1
2
3
4
5
6
7
Mean

Standard Deviation

Percent Standard
Deviation

Actual Value

-

Percent Erro

3 Times S.D.

1,1'-0XYBIS(2-CHLOROETHANE )

BN (20 ppb)

Precision and Accuracy Results

CLS (0.1 ppb)

19
18
19
19
22
18
19

19

20

4.2

0.112
0.097
0.085
0.077
0.085
0.078
ND

0.076
0.036
47

C.100
-24

~~~~~~~~~~~~~
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Precision and Accuracy Results

Y BENZO(B)FLUORANTHENE
Replicates BN (20 ppb)
1 20
2 18
5 3 27
4 26
: 5 26
8 6 18
g 7 18
X Mean 22
; Standard Deviation 4.
g Percent Standard 19
. Deviation
; Actual Value 20
. Percent Error +10
3 Times S.D. 13
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N )

1 i 5 0.091 22
¥ 6 0.088 19
Ay

BN 7 0.093 18
3

A

N Mean 0.094 22
l

L Standard Deviation 0.011 2.5
\:,J

— Percent Standard 11 12
“ Deviation

RS Actual Value 0.100 20
’ Percent Error -6 +10
. 3 Times S.D. 0.033 7.5
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Precision and Accuracy Results

1,2-DIPHENYLHYDRAZ INE

Replicates

N Oy BWN e

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.

..........

CLS (0.100 ppb)

BN (20 ppb)

o O o o O o o©o

42

-26

.060
.051
.100
.050
.087
.044
.128

.074
.032

.100

.096

........

33

34
35
35
38
31

35

40
-13
2.2
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Precision and Accuracy Results
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3 FLUORENE ;

.

>

) Replicates C.LS (0.100 ppb) BN (20 ppb)

A

.‘: 0.082 22

xl

> .068 21

» .093 23

&,

4

.047 21
.085 21

Ao 2 507
N OO g s W N
o o O o o o

, .085 20

; .131 22 .
® :
\ Mean 0.084 21

, Standard Deviation 0.026 0.98 é

- Percent Standard 30 4.6

, Deviation

:é Actual Value 0.100 20 .
h Percent Error -16 +5

3 Times S.D. 0.074 2.9 e

o
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“ Precision and Accuracy Results

Ml FLUORANTHENE

Replicates BN (10 ppb)

' A '..L'_‘A'_.L:.k‘.'l.:‘ “

11.6

L ".’l.‘.". d

LR N

R

*»
~ («4] (5] L3 w N -
oo}

B4
yill

10.

TR
2NN

Mean 8.9
e Standard Deviation 1.5

~ Percent Standard : 17 L
Deviation

Actual Value 10

\ Percent Error 11

3 3 Times S.D. 4.5
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Precision and Accuracy Results

CAXANEA 1)

2-CHLORONAPHTHALENE

Replicates CLS (0.100 ppb) BN (20 ppb)
1 0.111 22
2 0.092 22
3 0.091 18
4 0.066 14
5 0.081 18
6 0.111 17
7 0.094 15
Mean 0.092 18
Standard Deviation 0.016 31
Percent Standard 17 17
Deviation
Actual Value 0.100 20
Percent Error -8 -10
3 Times S.D. 0.048 9.3
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o S
HE XACHLOROCYCLOPENTADIENE
Replicates CLS (0.100 ppb) BN (20 ppb)
1 0.052 25
2 0.195 22
X 3 0.339 29
g 4 0.039 16
2 5 0.039 27 .
6 0.039 24 o
\:{.
oy 7 0.130 17
k?
Mean 0.119 23
c.
N Standard Deviation 0.114 4.9
N
s Percent Standard 96 21
Deviation
. Actual value 0.100 20
S Percent Error +19 +15

3 Times S.D. 0.342 15
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&
k HEXACHLOROBUTADIENE
-4
Replicates CLS (0.100 ppb) BN (20 ppb)
<
: 1 0.101 15
2 0.109 23
3 0.102 29
, 4 0.059 21
< i-i 5 0.077 23
X = 6 0.096 23
% 7 0.089 21
5
e
‘: Mean 0.090 22
N Standard Deviation 0.017 4.1
‘
o Percent Standard 19 19
: Deviation
“
' Actual Value 0.100 20
‘ of
‘S Percent Error -10 +10 ;
- 3 Times S.D. 0.051 12 .|
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2
.
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Replicates

~N OO Y s W NN -

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.

.............

-------------

Precision and Accuracy Results

CARBON TETRACHLORIDE

VOA (1 ppb) LLE (1 ppb)

1.10 1.5
0.94 1.5
1.12 1.5
1.01 1.4
1.35 1.4 . .
1.24 1.5 o
1.07 | 1.5
1.12 1.47
0.14 0.05
12 3
1.13 1.57
-1 -13
0.42 0.15
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Precision and Accuracy Results

>
v
da

b HEXACHLOROETHANE

Replicates CLS (0.100 ppb)

BN (20 ppb)

0.116 15
0.111 14
.098 17
.071 12

.090 15

Ny g BsWw NN

0
0
0.080 18
0
0.078 11

57 Mean 0.092 15
2 Standard Deviation 0.017 2.5

1Y Percent Standard 19 17
Deviation

33 Actual Value 0.100 20
Percent Error -8 -25

3 Times S.D. 0.051 7.5
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4
7
i TRICHLOROETHENE
Y
Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (2.01 ppb)
5 1 0.106 1.0 2.5
ﬁ 2 0.109 1.2 2.5
3 0.016 1.1 2.6
!
, 4 0.056 1.1 2.3
‘l’
’ 5 0.143 0.7 2.3
N 6 0.107 1.2 2.5
3
o 7 0.082 1.2 2.5
o
N
s Mean 0.088 ©1.07 2.46
1
Standard Deviation 0.042 0.18 0.11
- Percent Standard 47 17 4
Deviation
* Actual Value 0.100 1.0 2.36
Percent Error -12 +7 +4
f 3 Times S.D. 0.126 0.54 0.33
N
o
]
»
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\
[]
/i A-2-110




Precision and Accuracy Results

TETRACHLOROETHENE

Replicates CLS (0.100 ppb) VOA (0.2 ppb) LLE (1.49 ppb)

0.141 1.11 2.3
.104 1.00 2.

S b

.105 1.14 2.
.095 1.10 2.1
.150 1.41 2.2
.102 1.23 2.4

¥
»

~ (=) (3] E ) w ~N [

o o o o o [

.088 1.13 2.3

% Mean 0.112 1.16 2.30
¥
N Standard Deviation 0.024 0.13 0.12

Percent Standard 21 11 5
Deviation

S Actual Value 0.100 1.45 1.71

N
o Percent Error +12 -20 +35
A2

3 Times S.D. 0.072 0.39 0.36
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Precision and Accuracy Results

X BROMOBENZENE

Replicates CLS (0.100 ppb) BN (10 ppb)

S e
‘ M
R i el

.110
.101
.101
.093
.094
.095

~N Oy AW N
o o O O o O o

.085

4 Mean 0.097
3o Standard Deviation 0.0079

Percent Standard 8.1
Deviation

Actual Value 0.100
Percent Error -3

3 Times S.D. 0.024
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1
2
3
4
5
6
7
Mean

Standard Deviation

Percent Standard
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Percent Error
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Precision and Accuracy Results

1-CHLORONAPHTHALENE

CLS (0.

100

ppb)

o O O o o

.098
.083
.085
.060
.075
.091
.109

0.086

18

-14
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}: 1-BROMO-4-PHENOXYBENZENE
&
3 .
Replicates CLS (0.200 ppb) BN (11 ppb)
Q 1 0.115 7.7 :
§ 2 0.100 7.6 -
ﬁ 3 0.084 9.6
: 4 0.088 12
¥ 5 0.094 8.3 .
oY 6 0.088 7.9 - y
L y
3 7 0.092 9.0
:"1.
N Mean 0.094 8.9
&
i Standard Deviation 0.010 1.6
;: Percent Standard 11 18
‘ Deviation
4
,; Actual Value 0.100 11
3 Percent Error -6 -19
3 Times S.D. 0.030 4.8 f
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Replicates

N0 O W NN -

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.

Precision and Accuracy Results

4-CHLORO-3-METHYLPHENOL

MAC (20 ppb) ACIDS (10.5 ppb)
16 6.5
17 9.0
20 8.0
19 4.5
13 5.7
18 9.2
-- 6.9
17.2 7.1
2.5 1.7
14 24
20 10.5

-14 -32
7.5 5.1
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Replicates

N O W N -

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.
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Precision and Accuracy Results

2,3,5-TRICHLOROPHENOL

...............................

MAC (20 ppb) ACIDS (10 ppb)

15 4.2
16 9.5
19 9.4
19 5.6
13 5.7
17 10.0
- 10.0
16.5 7.8
2.4 2.5
14 32
20 9

-17 -13
7.2 7.5
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Precision and Accuracy Results

2,4,5-TRICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (9.5 ppb)
1 17 9.0
2 21 10.1
3 17 7.8
4 18 6.6
5 13 6.0
6 20 10.7
7 -- 6.2
Mean 17.6 8.1
Standard Deviation 2.8 1.9
Percent Standard 16 24
Deviation
Actual Value 20 9.5
Percent Error -12 -15
3 Times S.D. 8.4 5.7
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Precision and Accuracy Results

N 2,4,6-TRICHLOROPHENOL
~

Replicates MAC (20 ppb) ACIDS (10.5 ppb)

N 1 15 14

o 2 16 11

__ 3 19 7.0

\* 4 17 7.6

:" 5 13 9.5 R
= 6 18 8.8 &3

% 7 - 8.3

2

-, Mean 16.3 9.5
o Standard Deviation 2.2 2.4

Percent Standard 13 26
Deviation

,fl Actual Value 20 10.5
WA Percent Error -18 -10

3 Times S.D. 6.6 7.2
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oW N e

o

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.

Precision and Accuracy Results

2,3,6-TRICHLOROPHENOL

MAC (20 ppb)

ACIDS (9ppb)

14
15
20
17
12
17

15.8

18

20
=21

8.4

6.9
11
11.3

5.3

7.7
10.7

7.5

8.6
2.3
26
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Precision and Accuracy Results

2-CHLOROPHENOL

Replicates MAC (20 ppb)

19
19
24
19
16
22

N OO O AW e

Mean 19.8
Standard Deviation 2.8

Percent Standard 14
Deviation

Actual Value 20
Percent Error -1

3 Times S.D. 8.4
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ACIDS (8.8 ppb)

9.2
9.6
7.6
5.4
6.8
8.4
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7.9
1.5
18

8.8
-10
4.5
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Precision and Accuracy Results
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N 2,4-DICHLOROPHENOL

Replicates MAC (20 ppb) ACIDS (10.5 ppb)

14 10
16 13
18 11

HWw NN -

17 6.9
12 9.5

3
1
Q 6 18 12 '
4

™ ? - 9.0

(8]

Mean 15.8 10 1

Standard Deviation 2.4 2

P, PV e 392

Percent Standard 15 20 i
Deviation

Actual Value 20 10.5 i

HAAHS

»
-8 478 a

Percent Error =21 -5
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Precision and Accuracy Results

A e B A e e A e e

PHENOL
]
Replicates MAC (20 ppb) ACIDS (9.5 ppb)
1 15 ‘ 9.8
2 17 11
3 21 11
4 17 7.1
5 13 6.8 -
6 17 8.6 M
7 -- 9.1
Mean 16.7 9.1
Standard Deviation 2.7 1.7
Percent Standard 16 19
Deviation
Actual Value 20 9.5
Percent Error -16 -4
3 Times S.D. 8.1 5.1
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31
3 PENTACHLOROPHENOL
:'
2
Y Replicates MAC (20 ppb) ACIDS (42 ppb)
% 1 10 o
,.
<-. 2 11 34
o ¢ 3 12 34
% 4 11 26
X 5 8 34 h
Y @ 6 11 24
] 7 -- 16
o
'b
N Mean 10.5 31
$ Standard Deviation 1.4 9.8
f: Percent Standard 13 32
_ Deviation
W9
AN Actual Value 20 42
o~
i3 Percent Error -47 -26
¥
- 3 Times S.D. 4.2 29
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J
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F Precision and Accuracy Results
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¥
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X PHENANTHRENE

: Replicates CLS (0.100 ppb) BN (20 ppb)
N 1 0.033 18

("‘

N 2 0.042 17

NS

3 0.091 ' 20

; i"\-

‘..\

EN 4 0.060 17

N

33 5 0.113 21 -
: 6 0.029 16 "
o

Yo

o 7 ND 18

2

g Mean 0.053 18

“’ Standard Deviation 0.039 1.8

r

N Percent Standard 74 9.8
— Deviation

P Actual Value 0.100 20

1)

,Ei Percent Error -47 -10
3 Times S.D. 0.117 5.4
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Precision and Accuracy Results

d
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:
ANTHRACENE
Replicates CLS (0.100 ppb) BN (20 ppb) v
o :
2 1 0.025 20 &
E 2 0.039 23 2
3 0.080 22
Y 4 0.073 24
‘ m 5 0.067 20
6 0.075 23
7 ND 19
)
Mean 0.051 22
t :
; Standard Deviation 0.030 1.9 .
- Percent Standard 59 8.8
: Deviation
3 0.100 20 2
Actual Value 2
. Percent Error -49 +10 :
= }
N 3 Times S.D. 0.090 5.7 ‘;'_
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N O AW

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value

Percent Error

3 Times S.D.

Precision and Accuracy Results

]
L |
4
y
1,2-DICHLOROBENZENE
_CLS_(0.100 ppb) VOA (1.0 ppb) BN (20 ppb)
0.106 1.1 18
0.101 1.2 19
0.098 1.0 21
0.088 1.1 19
0.092 1.1 20 .
0.094 1.1 18 &3
0.091 1.0 18
0.095 1.09 19
0.0063 0.069 1.2
6.6 6.4 6.1
0.100 1.0 20
-5 +9 -5
0.019 0.21 3.6
A-2-126
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1,2-DIBROMOETHANE

» "- LY
4 n'.l‘:l.';'J..}

Replicates CLS (0.100 ppb)

VOA (1

.0 ppb)

0.084

AR A

[en)

.065
.067
.092

. %7 J“‘.!A

.105
.081

~NOy O B Ww Y e
o o O o o

.054

Mean 0.078
Standard Deviation 0.018

Percent Standard 22
Deviation

33 Actual Value 0.100
Percent Error -22

3 Times S.D. 0.054
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Precision and Accuracy Results
N
1,1,2-TRICHLOROE THANE
Replicates cLS (0.100 ppb) VOA (1.0 ppb)
1 - 0.081 1.0
2 0.061 1.1
3 0.034 1.1
4 0.089 1.1
5 0.104 1.1 .
6 0.082 1.1 e
7 0.053 1.1
Mean 0.072 1.09
Standard Deviation 0.024 0.038
Percent Standard 33 3.5
Deviation
Actual Value 0.100 1.0
Percent Error -28 +9
] 3 Times S.D. 0.072 0.11
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N
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Precision and Accuracy Results
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SN 1,3-XYLENE/1,4-XYLENE

Replicates CLS (0.100 ppb) VOA (2.0 ppb)

.129 2.0
.099 1.9

.104 1.9

N4y
', )

.095 2.3

,.
afutatat

P

LA

.119

~N O AW N
o O O o o O o
no
—

.093 2.0
.094 2

Mean 0.105 2.03
N Standard Deviation 0.014 0.14

Percent Standard 13 6.8
Deviation

X Actual Value 0.100 2.00
Percent Error +5 +1

3 Times S.D. 0.042 0.42
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Precision and Accuracy Results

BROMOFORM

GLS (0.100 ppb

) VOA (1.0 ppb)

.097
.073
.071
.086
.086
.079

o O O o ©oO o o

.058

0.079
0.013
16

0.100
-21
0.039
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1.0
1.4
1.1
1.2
1.4
1.4

1.5

1.29
0.19
15

1.57
-18
0.57

---------

LLE ECD (1 ppb

+29
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N NN NN NN
N O

o =

—

.07
.08

.60
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Precision and Accuracy Results

BROMODICHLOROME THANE X
Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (1.47 ppb) #
1 0.065 1.0 2.3 ji
2 0.055 1.1 2.3
3 0.021 1.1 2.3
4 0.067 1.1 2.2
5 0.100 1.0 2.1
6 0.067 1.1 2.3
7 0.048 1.1 2.4
Mean 0.060 1.07 2.27
Standard Deviation 0.024 0.049 0.10
Percent Standard 40 4.6 4
Deviation
Actual Value 0.100 1.1 1.82
Percent Error -40 +7 +25

3 Times S.D. 0.027 0.15 0.30
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TOLUENE
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a

Replicates CLS (0.100 ppb) VOA (1 ppb)

S

.155 1.0

* KNP

.103 1.1 A
.089 1.0
.096 1.

o O O o O

.164 1.

LANASS)
~ =)} (3, L) w N [ o

o O O o

1 -0.102 1.

0.101 1.

- Mean 0.116 1.01

: Standard Deviation 0.030 0.038 ]
,? Percent Standard 26 3.7 ;

Deviation
Actual Value 0.100 1.0 ]

Percent Error +16 +1 ;
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Precision and Accuracy Results
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DIBROMOCHLOROMETHANE
Replicates CLS (0.100 ppb) VOA (1.0 ppb) LLE (1.78 ppb)
1 0.083 1.0 2.1
2 0.068 1.1 2.0
3 0.068 1.1 2.1
4 0.094 1.1 2.0
; 5 0.101 1.4 1.9
6 0.080 1.1 2.1
7 0.056 1.1 2.1
Mean 0.079 1.13 2.04
Standard Deviation 0.016 0.13 0.08
Percent Standard 20 11 4
Deviation
Actual Value 0.100 1.0 1.91
Percent Error -21 +13 7
3 Times S.D. 0.048 0.39 0.24
i
o
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Replicates
1
2
3
4
5
6
7
Mean

Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times S.D.

Precision and Accuracy Results

CHLOROBENZENE

TA¥ T e e, ST eERTAITIWIT V-]

LA S A AT e e i i et P S

CLS (0.100 ppb) VOA (1.0 ppb)
0.108 1.0
0.104 1.0
0.098 1.0
0.097 1.1
0.097 1.1
0.094 1.1
0.087 1.1
0.098 1.06
0.0068 0.054
6.9 5.1
0.100 1.0

-2 +6
0.020 0.16
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7, ETHYLBENZENE
',\-.;
Replicates CLS (0.100 ppb) VOA (1.0 ppb)
4
N 1 0.126 1.0
35
b 2 0.101 1.0
A 3 0.102 1.0 i
é 4 0.096 1.1
ﬁ 5 0.114 1.0
‘ 6 0.093 1.0
7 0.092 1.0
Mean 0.103 1.01 X
t Standard Deviation 0.012 0.038
b Percent Standard 12 3.7
Deviation
3 Actual Value 0.100 1.0
[
) Percent Error +3 +1
N 3 Times S.D. 0.036 0.11 4
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£ :
ti :
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Replicates

~N O O e W NN

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value
Percent Error

3 Times * 7.

________

Precision and Accuracy Results

1,2-DICHLOROPROPANE

CLS (0.100 ppb)

[RPINRI | ST

VOA (1.0 ppb)

0.066
0.061
0.0098
0.055
0.097
0.087
0.055

0.062
0.028
45

0.100

0.084
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Precision and Accuracy Results
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1,2-XYLENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

N

114 1.

s b VR
X
o o

.099 1.

o O O

.104 1.

.095 1.

fom—ry

o

112 1.
.094 1.

3
N O e W N
o o o o o
o o o

.093 1.

oy

5

Mean 0.102 1.01
Standard Deviation 0.0087 0.038

o P ae”

- Percent Standard 8.5 3.7
Deviation

Actual Value 0.100 1.0
Percent Error +2 +1

3 Times S.D. 0.026 0.11
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S
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Precision and Accuracy Results

N 1,1,2,2-TETRACHLOROE THANE \
Y
W
b2
' Replicates CLS {(0.100 ppb) VOA (1.0 ppb)
A8
i 1 0.087 1.0
o ¥
; 2 0.077 0.9
o 3 0.057 1.1
é} 4 0.068 1.1
b 5 0.061 1.0 .
ii 6 0.052 1.0 i‘il
2; 7 0.042 1.0
al
ﬂ? Mean 0.063 1.01
: Standard Deviation 0.015 0.069
W Percent Standard 24 6.8
A Deviation
R4
;Ej Actual Value 0.100 1.0
o
t;L Percent Error -37 +1
= 3 Times S.D. 0.045 0.21
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v
3
‘_'1
i N
I .‘_1
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Precision and Accuracy Results

PROPYLBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

8 1 0.097 1.1
4 2 0.104 0.9
X 3 0.106 0.9
<
4 0.094 1.1
,‘1‘
b4 @ 5 0.103 1.0
: - 6 0.097 1.0
Al
3 7 0.095 1.0
%

o Mean 0.099 1.0

(o)

oy Standard Deviation 0.0048 .082

Percent Standard 4.8 8.2

) Deviation
£
o Actual Value 0.100 1.0
;:,
SR Percent Error -1 0
.

3 Times S.D. 0.014 0.24
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hand Precision and Accuracy Results

Y AL

S 1-CHLORO-4-METHYLBENZENE

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

.101 1.1

.102 1.

by

o O

.100 1.

2%t

.092 1.1

&

.093 1.1 o~

092 1.0 i

.089 1.0

~N O O AWy
o O O O o o o

g Mean 0.096 1.04
5 Standard Deviation 0.0053 | 0.054

- Percent Standard 55 5.1
Deviation

2 Actual Value 0.100 1.0
"
f Percent Error -4 +4

3 Times S.D. 0.016 0.16
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Precision and Accuracy Results
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1 1,3-DICHLOROBENZENE
- Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)
&

7

:;s 1 0.110 1.1 18
i 2 0.100 1.0 17
" 3 0.103 1.0 19
?ﬁ 4 0.091 1.1 17
b 5 0.093 1.1 19
G 6 0.092 1.1 16
‘ 7 0.090 1.0 16
3
% Mean 0.097 | 1.06 17
Standard Deviatici 0.0075 0.054 1.3
@ Percent Standard 7.8 5.1 7.3
. Deviation
._.3 Actual Value 0.100 1.0 20
| i Percent Error -3 +6 -15
v 3 Times S.D. 0.023 0.16 3.9
A
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Precision and Accuracy Results

N NAPHTHALENE

E3l A
2 A A
o b R I

Replicates CLS (0.100 ppb) VOA (1.0 ppb)

.102 1.3
.091 1.1
.095 1.1
.064 1.1
.079 1.4
.095 1.5

OO o O o o o o

.104 1.1

STt ey ’%v “AR or
-4 A - 41.1- & 1
~ N (3] > (98] ~n [l

f:i Mean 0.090 1.23
i .014 0.17

o

Standard Deviation

s Percent Standard 16 14
Deviation

o Actual Value 0.100 1.0
a4 Percent Error -10 +23

3 Times S.D. 0.042 0.51
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BN (20 ppb)

19
19
21
19
19 -
19
19

19

o

.76

20
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X
o
g 1,4-DICHLOROBENZENE
53
) )
Replicates CLS (0.100 ppb) VOA (1.0 ppb) BN (20 ppb)

&
1244 1 0.108 1.1 19
4-2;5‘
R 2 0.101 1.0 17
w0 3 0.097 1.0 20
;:ﬁ 4 . 0.087 1.0 17
5%
A 5 0.090 1.1 18
@ 6 0.092 1.1 15
P

a2 7 0.091 1.0 15

X
e
™

o Mean 0.095 1.04 17
4 "1

& 3 Standard Deviation 0.0073 0.054 1.9
i\é.. Percent Standard 7.7 5.1 1

Deviation

\ 4
e Actual Value 0.100 1.0 20
i
b Percent Error -5 +4 -15
- 3 Times S.D. 0.022 0.16 5.7
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Precision and Accuracy Results

PEST/PCB (1 ppb)

{'ﬂ
e ALDRIN
"
4
o
! .
Replicates
1
2
WY
X! 4
X
7 5
: 6
’

Mean

Standard Deviation

| L

Percent Standard
Deviation

Actual Value

Percent Error

VZX:

3 Times S.D.

1.

1

(= -]

0

.0
.97

.88

.98
.045

.14
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X 2,4,5-T

\l

-

\l

Replicates HERBICIDE (1 ppb)
X 1 0.66
2 0.75 .

: 3 0.71 :
4 0.76 .
:

":\ ﬂ 5 0- 76

'Ig’ 6 0.53

Al

2 0.53

g.! 7

5

‘;x, Mean 0.67 .‘
[ X
N Standard Deviation 0.10 {
- Percent Standard 15 ;

, Deviation

W &
I Actual Value 1.0 K
5 Percent Error 33

; 3 Times S.D. 0.30 ’
|
4 .
g o 3
D) :
1 :
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Precision and Accuracy Pesults

Replicates

~NOO N s W N

Mean
Standard Deviation

Percent Standard
Deviation

Actual Value

Percent Error

3 Times S.D.

2,4,5-TP

HERBICIDES (1 ppb)

o

.86
.95
.92
.92
.90

i

.57

o O o o o o

.57

0.81

21

19




Precision and Accuracy Results
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Replicates PEST/PCB (1 ppb)

.81

aral i e’ olals
—
o

2 0.82

.:a 3 0.81
2 4 0.89
< 5 0.90

ﬁ 6 0.85
7 0.87

Mean 0.85

‘: Standard Deviation - 0.0399

:; Percent Standard 5

: Deviation

3 Actual Value 1.0

5 Percent Error 15

3 Times S.D. 0.12
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Precision and Accuracy Results
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NI LEWEY
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KEPONE

PR VL A 4

'r'.v -.I.‘i ;'l ,"‘."

W Y

Replicates PEST/PCB (1 ppb)

0.57
059

0.51
0.62
0.71

ﬁ;

0.75

-
~N [=)] (3, E -] w [aN -

0.70

Mean 0.64
Standard Deviation 0.0868

— Percent Standard 14
Deviation

v Actual Value 1.0
s Percent Error 36

3 Times S.D. 0.26
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‘Precision and Accuracy Results
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3 ALPHA-BHC

v Replicates PEST/PCB (1 ppb)
L
) 1 1.2
3
2 1.2
¥
§ 3 1.1
5 4 1.2
| @ 5 1.2
4 6 1.2
W
0y 7 1.0
!
3 Mean 1.16
?1 Standard Deviation 0.079
, Percent Standard : 7 .
X Deviation R
N q
~ Actual Value 1.0 N
F Percent Error 16 i?
i} 3 Times S.D. 0.24 3
A N1
: o
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